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ABSTRACT 
 
Determination of efficiency of network structure is difficult and very labor-
intensive. Data networks among above mentioned networks are most expensive, 
though despite of existing differences it is possible to separate a class of tasks to 
determine rational structure of networks. These tasks are common for all data 
networks and can be resolved by same means and methods. 
This dissertation includes following : creation of quantitative methods of data 
networks functional analysis, improvement of  fault tolerance of computational 
methods and provision of maximum data exchange speed by processing time 
reduction of failure corrections. Dissertation also includes evaluation of those 
parameters, which determine network reliability and economic efficiency. 
First chapter includes research subject, specifically organizational principles of 
fault tolerant informational computational processes, their technical predecessors and 
analysis. Problem of technical systems and data networks functional quality 
evaluation and provision is determined as well as its possible solutions. Particularly, 
issues of development of fault resistant technical systems, methods to improve 
system's reliability and trustworthiness, short review of research subject and current 
state of unresolved issues, stated problem's existing and new mathematical models. 
Short analysis of research literature is added.  Based on above mentioned materials, 
comparative analysis of methods of fault resistant technical systems and ways to 
improve their reliability and trustworthiness is done and conclusion is made that 
structural and time reservation is the most effective method. It is well known that this 
type of reservation does not require excessive expenses. In addition, efficiency criteria 
are determined. 
Second chapter describes mathematical models which are used in design of 
technical systems and computational network structures. Particularly, models of 
service systems' functions are reviewed, which are distinguished by control system 
organization and strategies of their use. It is assumed that amount of completed tasks 
and recovery time are random variables distributed normally and faults and error trend 
are subject to Poisson law. 
In addition, second chapter includes mathematical models, which use Laplace 
transformation to determine mathematical expectation of packet (data) transfer time 
after taking into account communication channel errors. Several specific cases are 
included. 
Third chapter consists of research results for effective structure design 
methodology of data networks. This methodology includes three sequential stages: 
building of network using minimal length communication channel, building basic in - 
out data structure and optimal structure. 
At the end of this paper conclusions are made based on conducted research.  
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შესავალი 
 
Tanamedrove epoqa samarTlianad iTvleba adamianis moRvaweobis 
TiTqmis yvela sferos sayovelTao kompiuterizaciis epoqad. bolo 
periodi ki gansakuTrebiT xasiaTdeba sainformacio – gamomTvleli 
qselebis farTo ganviTarebiT. saxalxo meurneobis Tanamedrove 
dargebi ver SeZleben  efeqturad muSaobas maT sawarmoebsa da 
organizaciebs Soris saWiro informaciis drouli urTierTgacvlis 
gareSe. ukve Seqmnilia sxvadasxva qselebi, romlebic erTmaneTisagan 
gansxvavdebian daniSnulebiT, topologiebiT, masStaburobiTa da 
sxvadasxva teqnikuri saSualebebis konstruqciuli TaviseburebebiT. 
teritoriebis mixedviT, romlebsac moicaven qselebi, ganasxvaveben 
globalur, regionalur da lokalur qselebs. isini qseluri 
struqturebis Sesaxeb Tanamedrove literaturaSi moixsenieba 
rogorc kampusebad, korporaciul qselebad da a.S. [12,18,28,48,50,-
60,69,70].  
globaluri da regionaluri qselebi gansxvavdebian maTi 
Seqmnisa da eqspluataciis maRali RirebulebiT, struqturis sirTu-
liT, kavSirgabmulobis ZviradRirebuli arxebis didi gaWi-
mulobebiT, sakomutacio kvanZebis didi raodenobiT. maTi analizis 
ganzogadoebisaTvis aseT qselebs (qselur sistemebs) aRniSnul 
disertaciaSi vuwodebT ganawilebuli sistemebs. 
ganawilebuli sainformacio – gadamcemi sistemebis saxalxo 
meurneobis dargebSi farTo danergvis TvalsazrisiT erT-erTi 
ZiriTadi siZnele mdgomareobs maT maRal RirebulebaSi. qselebis 
Rirebulebis Semcirebis tempebi mniSvnelovnad CamorCebian qseluri 
komponentebis (mag. personaluri kompiuterebis) Rirebulebis 
Semcirebis tempebs. amitom qselebis Seqmnaze yovelgvari 
danaxarjebis Semcirebis SesaZleblobebis gamonaxva, agreTve ukve 
arsebul qselebSi gamoyenebuli materialuri da SromiTi 
resursebis efeqturobis amaRlebis gzebis kvleva-Zieba warmoadgens 
 
aqtualur problemas, romlis zogierTi nawilis gadawyvetas 
eZRvneba aRniSnuli sadisertacio naSromi. 
maRalefeqturi sainformacio – gamomTvleli qseluri 
struqturebis proeqtirebisas samecniero kvlevebis ZiriTadi 
problema mdgomareobs qselis ZiriTadi parametrebisa da im 
komponentebis maxasiaTeblebze teqnikuri moTxovnebis srulyofil 
gansazRvraSi, romelTa safuZvelzec wydeba optimaluri qseluri 
resursebis SerCevis amocanebi, sainformacio nakadebis marTva da 
sxva problemebi. yvelaze rTul problemas sainformacio qselebis 
Seqmnis dros warmoadgens qselis efeqturi struqturis Seqmnis an 
SerCevis problema, romelic gansazRvravs qselze ZiriTad 
materialur danaxarjebs. am problemis gadasawyvetad saWiroa 
damuSavdes maTematikuri modelebi – ZiriTadi instrumenti 
sainformacio – gadamcemi qseluri struqturis Sesaqmnelad 
gadawyvetilebebis miRebaSi, romelTa bazazec xdeba SesaZlebeli 
damuSavdes optimaluri qselebis sistemuri proeqtirebis meTodika. 
naSromis mizans warmoadgens teqnikuri sistemebis, maT 
Soris monacemTa gadacemis qselebis funqcionaluri analizis 
raodenobrivi meTodebis Seqmna. gamoTvliTi procesis 
mtyunebadmdgradobis amaRlebis xerxebis damuSaveba da 
teqnikuri sistemebis maqsimaluri gamtarunarianobis 
uzrunvelyofa mtyunebaTa Sedegebis likvidaciaze daxarjuli 
drois Semcirebis xarjze, aseve, im maCveneblebis Sefaseba, 
romlebic ganapirobeben maT saimedoobasa da ekonomiur 
efeqtianobas. 
dasmuli miznis Tanaxmad disertaciis ZiriTad amocanebs 
Seadgens: 
- iseTi aparatis Seqmna, romelic saSualebas mogvcems 
safuZvlianad SeirCes gamoyenebuli teqnikuri sistemebis 
saimedoobaze moTxovnebi da moxdes maTi Sefaseba. aRniSnulma 
aparatma unda mogvces teqnikuri sistemis gamoyenebis saukeTeso 
 
droiTi diagrama. aseve kontrolis sistemis zogierTi 
maxasiaTeblis dakavSireba davalebis Sesrulebis albaTobasTan 
da saSualo drosTan. 
- kavSiris arxis axali maTematikuri modelebis damuSaveba 
mdgradi da TviTlikvidirebadi mtyunebebis gaTvaliswinebiT, 
romlebic orientirebulia amocanis Sesrulebis drois 
minimizaciisaken.  
- saimedoobis Sefasebis da gazrdis meTodebis algoriTmebis 
SemuSaveba droiTi da struqturuli rezervirebis daxmarebiT, 
umtyuno muSaobis drois ganawilebis funqciis warmodgenis 
aproqsimaaciis meTodis gamoyenebiT. 
- nebismieri daniSnulebis kavSiris arxebis saimedoobis 
gazrdisaTvis gankuTvnili teqnikuri da teqnologiuri xasiaTis  
modelebis da algoriTmebis damuSaveba. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 თავი 1. ლიტერატურის მიმოხილვა 
 
1.1. კვლევის ობიექტი და ძირითადი ამოცანები 
 
qselis efeqturi struqturis gansazRvra miekuTvneba sxva-
dasxva daniSnulebis gamomTvleli qselebis proeqtirebis Seda-
rebiT rTul da Sromatevad amocanaTa ricxvs. informaciis gada-
mcemi qselebi, warmoadgenen mravalnairi sistemebis yvelaze 
ZviradRirebul nawils, Tumca miuxedavad aseTi sistemebis 
arsebiTi gansxvavebisa SeiZleba gamovyoT amocanaTa garkveuli 
klasi maTi racionaluri struqturis gansazRvrisaTvis, 
romlebic warmoadgenen saerTos informaciis gadamcemi 
yvelanairi struqturebisaTvis da romlebic SeiZleba gadawydnen 
erTi da igive meTodebis daxmarebiT. amgvari debulebis 
asaxsnelad saWiroa ganvixiloT informaciis gadacemis 
gansakuTrebulobebi sxvadasxva sistemebSi, romlebic arsebiT 
gavlenas axdenen qselis struqturaze da romelic warmoadgens 
aRniSnuli disertaciis kvlevis sagans. 
globaluri an lokaluri gamomTvleli qselis nebismieri 
struqturis efeqturoba ganisazRvreba teqnikur saSualebaTa 
SerCeuli SemadgenlobiTa da maxasiaTeblebis mniSvnelobebiT, 
maTi urTierTqmedebebis organizaciiT, aseve eqspluataciis dros 
am saSualebaTa kompleqsis teqnikuri momsaxureobis orga-
nizaciiT. sainformacio paketebis mimReb – gadamcem qselebSi 
SeiZleba gamovyoT Semadgeneli nawilebis (komponentebis, 
resursebis) Semdegi erToblioba: 
1) saabonento punqtebi (kvanZebi, sadgurebi), romelTa daxma-
rebiTac qselis momxmareblebs (abonentebs) SehyavT qselSi da 
iReben qselidan informacias. saabonento punqtebi warmoadgenen 
Setyobinebebis wyaroebsa da momxmareblebs. maT SeuZliaT moicvan 
 
informaciis Setana – gamotanis, Senaxvis, damuSavebisa da asaxvis 
mowyobilobebi (ZiriTadad personaluri kompiuterebis saxiT); 
2) komutaciisa da koncentraciis kvanZebi. ganzogadoebisaTvis 
SemdgomSi maT vuwodoT sadgurebi, romelTa daniSnulebaa 
nakadebis ganawileba, damuSaveba, Senaxva, miReba – gadacema da sxva. 
aseTi kvanZebi mTel rig sainformacio – gamomTvlel qselebSi 
Seicaven personalur kompiuterebs an didi moculobis monacemTa 
bazebis mqone manqanebs gamoTvliT centrebSi; 
3) kavSiris (kavSirgabmulobis) arxebi. isini uzrunvelyofen 
informaciis gadacemas sivrceSi; 
4) sainformacio nakadebis marTvis sistemebi; 
5) qselis muSaobis xarisxisa da teqnikuri momsaxureobis 
sakontrolo (diagnostikuri) sistemebi. 
mTliani qselis komponentebis Seqmnis dros saWiroa 
ganisazRvros qselis SedarebiT ufro racionaluri struqtura; 
sivrciTi komutaciis meTodi: arxebis, Setyobinebebis an paketebis 
komutacia; gamoyenebuli kavSirgabmulobis arxis saxe: radio, 
satelegrafo, satelefono an optikur boWkovani; qselSi 
sainformacio nakadebis marTvis procedura: centralizebuli, 
lokaluri an globaluri. yvela am amocanebis gadawyveta 
swarmoebs imis da mixedviT Tu ra daniSnuleba gaaCnia 
dasaproeqtebel qselebs, ra resursebTan gvaqvs saqme, anda 
rogoria qselis Seqmnaze dasaSvebi danaxarjebi.  
ganvixiloT zemoT naxsenebi sainformacio – gadamcemi 
qselebis ZiriTadi dadebiTi da uaryofiTi mxareebi. ase 
magaliTad, qselebSi, romlebic muSaoben arxebis komutaciiT 
sainformacio gacvlis dasawyiss wyarosa da mimRebs Soris win 
uswrebs maT Soris pirdapiri SeerTeba, romelic gaivlis 
kavSiris mTel rig Sualedur kvanZebs. informaciis gadacemis 
amgvarad warmodgenili traqti gamoeyofa mTeli dialogis 
 
manZilze mxolod or momxmarebels, rac iwvevs kavSiris arxebis 
gamoyenebis dabal efeqturobas (qselSi informaciis gadacemis 
traqtebis gamoyeneba aseT dros Seadgens maTi Teoriuli 
SesaZleblobebis mxolod 20–30%-s). saWiro mimarTulebiT kavSir-
gabmulobis arxebis dakaveba qmnis did dayovnebas sxva 
momxmareblebis SeerTebis damyarebaSi. momxmarebelTa SeerTebaSi 
mtyunebebis albaTobis Sesamcireblad saWiroa gamoyenebuli 
iqnes arxebis sakmaod didi ricxvi qselSi, rac iTvleba erT-erT 
ZiriTad uaryofiT mxared qselebisa, romlebic muSaoben arxebis 
komutaciiT. amas garda es meTodi saWiroebs qselSi erTnairi 
tipis aparaturis gamoyenebas. Tumca aqve unda avRniSnoT isic, 
rom am meTods gaaCnia rigi upiratesobebic: qselSi informaciis 
gadacemisa da nakadebis marTvisaTvis gamoyenebuli SedarebiT 
naklebi sirTulis aparatura, rac saboloo jamSi 
uzrunvelyofs nakleb danaxarjebs sainformacio – gadamcemi 
qselebis Sesaqmnelad; Setyobinebebis gadacemis didi siCqaris 
uzrunvelyofis SesaZlebloba imis xarjze, rom gamoricxulia 
dayovnebebi qselSi kvanZebis rigSi lodinisa da samomsaxureo 
informaciebiT arxebis dakavebis TvalsazrisiT; SesaZlebelia 
abonentebs Soris xangrZlivi da uSualo dialogi drois 
realur masStabebSi. es ukanaskneli upiratesoba xSirad 
warmoadgens gadamwyvets am meTodis SerCevis dros. 
Setyobinebebis komutaciis meTodi ar moiTxovs droiT 
danaxarjebs im abonentebs Soris winaswar SeerTebebze, romle-
bic erTmaneTs ucvlian informaciebs. am meTodis dros Setyo-
bineba igzavneba sakomutacio kvanZebSi, sadac igi Cadgeba rigSi 
Semdgomi gadacemisaTvis misTvis mikuTvnebuli misamarTiT da 
momsaxureobis prioritetiT. qselis aRWurvilobis  gamoyenebis 
efeqturobam Setyobinebis komutaciis dros SeiZleba miaRwios 
80%-ze mets. am meTodis uaryofiT mxares warmoadgens 
Setyobinebebis mniSvnelovani Seyovnebebi qselis Sualedur 
kvanZebSi, am kvanZebSi mexsierebis didi moculobis saWiroeba, 
 
aseve sakorespondento abonentebs Soris kavSiris dialoguri 
reJimis organizaciis SeuZlebloba. 
paketebis komutaciis meTodi farTo gamoyenebas poulobs 
informaciis gadacemis sabazo qselebSi [17]. am meTodis dros 
momxmarebelTa grZeli Setyobinebebi iyofa erTnairi sigrZis 
calkeul paketebad, romlebic Seitaneba da gadaicema sabazo 
qselSi (xSirad maT uwodeben deitagramebs).  
sabazo qselSi informaciis gadacemas axorcieleben teleg-
rafisa da telefonis saerTaSoriso sakonsultacio komitetis 
rekomendaciebis Sesabamisad. paketis mier gadacemuli TiToeuli 
brZaneba asrulebs erT-erT garkveul funqcias servisis 
funqciaTa raRac simravlidan. paketebis komutaciis dros 
informaciis gadacema swarmoebs samomsaxureo brZanebebiT 
(protokolebiT), romlebic gamoiyeneba trafikis nakadis 
marTvisaTvis da romlebic uzrunvelyofen informaciis uSecdomo 
miRebas, agreTve sadiagnostiko amocanebis gadawyvetas.  
rekomendaciebi iTvaliswineben wyarodan mimRebisaken paketebis 
gadacemas deitagramul an virtualur reJimSi. 
cnobilia, iseTi Setyobineba, romelic markeris saxelwode-
biTaa cnobili, rogorc wesi, metwilad  gamoiyeneba rgoluri 
struqturis sainformacio-gamomTvlel qselebSi. Setyobinebebis 
paketebi gadaicema (mag. internetis qselSi) sxvadasxva, maT Soris 
paraleluri marSrutebiT, ris xarjzec miiRweva adresatamde 
Setyobinebis Cabareba metad mcire droSi meti garantiiT. aqve 
unda aRiniSnos, rom qselis muSaobis deitragramuli reJimi 
yovelTvis ar icavs mimRebisaken Setyobinebebis paketebis misvlis 
saWiro Tanmimdevrobas. am reJimis dros SesaZlebelia “maryuJis” 
warmoqmna paketebis gadacemaSi, aseve sxva Cixuri situaciebi, rom-
lebic xels uSlian adresatamde Setyobinebebis yvela paketebis 
koreqtulad Cabarebas. amgvari uaryofiTi mxareebis Tavidan 
asacileblad deitagramuli reJimi “Seivseba” e. w. virtualuri 
 
gamoZaxebiT, romlis arsi mdgomareobs SemdegSi: manamde, sanam 
qselSi daiwyebodes Setyobinebis paketebis gadacema, abonenti _ 
wyaro adresats ugzavnis samomsaxureo pakets (virtualur 
gamoZaxebas). miiRebs ra virtualuri gamoZaxebis pakets, adresati  
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a) wre  topologia 
 
 
nax. 1.1. qselis struqturis topologiebi 
 
 
pasuxobs dasturiT Setyobinebis miRebaze da Tavis mxriv 
arezervirebs am SetyobinebisaTvis saWiro mexsierebis moculo-
 
bas, e.i. abonenti_wyaro adresats ugzavnis pakets mas Semdeg, 
rac am ukanasknelidan miiRebs Tanxmobas. 
erT_erT rTul da pasuxsageb amocanas monacemTa mimReb - 
gadamcemi qselebis proeqtirebisas warmoadgens qselis saWiro 
struqturis SerCeva, romelic ganisazRvreba monacemTa gadamcemi 
sistemis daniSnulebiT, mis Sesaqmnelad gamoyofili materia-
luri saxsrebiT da qselis gamoyenebis sferoTi. qselis struq-
turis SesaZlo topologiebi naCvenebia nax.1.1_ze. 
kavSirgabmulobis axali arxebis maRali danaxarjebis gamo, 
amJamad ganawilebul qselebSi, farTod gamoiyeneba SedarebiT 
naklebi, magram sakmaod ZviradRirebuli Cveulebrivi sate-
lefono arxebi. es, upirveles yovlisa, aixsneba imiT, rom isini 
ukve didi xania Seqmnilia, moicaven metad did teritoriebs da 
warmatebiT SeiZleba gamoyenebul iqnen monacemTa gadacemisaTvis. 
aRsaniSnavia, rom kavSirgabmulobis arxebis gamoyenebis vada 
Seadgens 20_40 weliwads. es im dros, roca qselebSi 
gamoyenebuli gamoTvliTi teqnika icvleba yovel 5_10 weliwadSi 
[8]. yovelive es ki miuTiTebs imaze, rom metad saWiro da 
aucilebelia kavSirgabmulobis arxebis efeqturi gamoyeneba, 
rogorc nebismieri qselis struqturis ZiriTadi komponentisa. 
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sxvadasxva daniSnulebis qseluri struqturebis analizisa 
da sinTezis sakiTxebisadmi miZRvnilia sakmaod bevri naSromi. 
Cven SevexebiT mxolod ZiriTad maTgans, romlebic exeba warmo-
dgenili naSromis Tematikas. amasTan, yvela gaanalizebuli samu-
Sao metad moxerxebulia ganvixiloT Semdegi niSnebis mixedviT: 
 
1) samuSaoebi qselebisa da sainformacio monacemebis 
gadamcemi sistemebis sistemuri proeqtirebis Sesaxeb; 
2) samuSaoebi sakvlevi sistemebis efeqturobis Sefasebis 
Sesaxeb; 
3) samuSaoebi, romlebSic gadawyvetilia qseluri resursebis 
optimizaciis amocanebi rTuli sistemebis Sesaqmnelad. miRebuli 
Sedegebi SeiZleba gamoyenebuli iqnes qseluri struqturebis 
analizisa da sinTezis dros; 
4) samuSaoebi, romlebic Seicaven meTodebs, romlebic 
warmoadgenen ZiriTads qselebis analizisa da sinTezis Cata-
rebis mizniT. 
vixilavT ra, samuSaoebs pirveli niSnis mixedviT, saWiroa 
SevCerdeT upirveles yovlisa Sromebze [17, 18, 24, 27, 36, 34, 41, 49, 
56, 66, 68, 69, 73, 72 da sxva], sadac gadmocemulia sistemuri 
proeqtirebis problemebi da meTodebi, moyvanilia informaciis 
gadamcemi qselebis optimizaciisaTvis mTeli rigi saWiro 
Sedegebi qselebis analizisa da sinTezis mizniT. am samuSaoebSi 
maTematikuri modelebis safuZvelze gadmocemulia kavSiris 
axebis gamtarunarianobis, marSrutizaciisa da nakadebis marTvis 
SerCevis sakiTxebi informaciis gadamcem rTul qselebSi, 
romlebic muSaoben arxebis komutaciis, Setyobinebebisa da 
paketebis komutaciis reJimebSi, moyvanilia saabonento punqtebis 
saWiro raodenobis gaTvlis algoriTmebi, agreTve koncen-
traciisa da komutaciis raodenobis saangariSo meTodebi, ganxi-
lulia qseluri kavSirebis arxebis agebis amocanebi minimaluri 
RirebulebiT. am jgufis SromebSi optimizaciis amocanebi wydeba 
efeqturobis kerZo kriteriumebis safuZvelze (66, 68 samuSaos 
garda) maTi urTierTSoris kavSiris gaTvaliswinebis gareSe. 
monacemTa gadasacemi qselebis proeqtirebisaTvis efeqturobis 
kriteriumad xSirad iyeneben Setyobinebebis an paketebis 
Cabarebis saSualo dros CabT  informaciis wyarodan – momxma-
 
reblamde. es kriteriumi zemoTnaCveneb SromebSi gaiTvleba 
mxolod sainformacio Setyobinebebis nakadis parametrebis, 
kavSirgabmulobis arxebis dakavebis, an qselis komponentebSi 
informaciis damuSavebis dros gaTvaliswinebiT Semdegi formu-
lis daxmarebiT, moyvanil fundamentur SromebSi [36, 34]:  
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rogorc Cans (1.1.)-dan, CabT -is gaTvlis dros mxedvelobaSi ar 
miiReba aparaturisa da kavSirgabmulobis arxis mtyunebebi, 
gansxvavebani SetyobinebaTa sainformacio nakadebis sigrZeebSi, 
sainformacio nakadebis marTvis gavlena, xelSeSlebis gavlena da 
sxva faqtorebi. amitom formula (1.1) da misi analoguri sxva 
damokidebulebebi SeiZleba gamoyenebuli iqnen absoliturad sai-
medo qselebisaTvis an informaciis gadamcemi iseTi qselebis gaTv-
lis dros, romlebic muSaoben umniSvnelo datvirTvebze. xelsawyo-
Ta arasaimedoobis gavlenis mxedvelobaSi miReba ganixileba [15]–Si, 
sadac maTematikuri modelebi agebulia Semdegi ori daSvebiT: 
mtyunebebi warmoiqmnebian drois im momentSi, roca sistemaSi aris 
moTxovnebi da roca isini ar aris. am daSvebebis Sesabamisad 
miRebulia gamosaTvleli damokidebulebebis ori saxe, rac iwvevs 
garkveul uxerxulobas. qselis proeqtirebisaTvis saWiroa modeli, 
romelSic erTdroulad gaiTvaliswineba orive es daSvebebi. 
informaciis gadamcemi qselebis proeqtirebisaTvis did inte-
ress warmoadgens samuSao [49]. masSi moyvanilia qselebSi gamo-
yenebuli gamomTvleli sistemebis analizisa da sinTezis meTodebi. 
sxvebisagan gansxvavebiT am naSromSi avtorebi ganixilaven zogad 
SemTxvevaSi sistemis efeqturobis globaluri kriteriumis 
 
formirebis sakiTxs. maT mohyavT sistemis komponentebis muSaobis 
xarisxis damokidebulebebi informaciebis araerTgvarovani naka-
debis miwodebis dros. es damokidebulebebi miRebulia polaCek – 
xinCinis formulis daxmarebiT. amasTan miRebuli Sedegebi sruliad 
emTxveva  miRebul im Sedegebs, romlebic gacilebiT adrea 
gamoqveynebuli. moyvenilia rigSi lodinis dros ganawilebis mia-
xlovebiTi funqcia araerTgvarovani nakadebisaTvis. Tumca ixilaven 
ra sakiTxs efeqturobis globaluri kriteriumis Sesaxeb, avtorebi 
qselis optimizaciis sakiTxebis gadawyvetisaTvis iyeneben kerZo 
kriteriumebs. amave miznebisaTvisac ar gamoiyeneba komponentis 
modeli, romelzedac miewodeba araerTgvarovani nakadebi. 
Cvens mier Catarebuli gamokvlevebisaTvis gansakuTrebul 
interess warmoadgens l. kleinrokisa [36, 34] da j. martinis [41] 
Sromebi. ase magaliTad [36, 34]-Si ganixileba kavSirgabmulobis 
arxebis gamtarunarianobis gansazRvrisa da qselebSi nakadebis 
ganawilebis sakiTxebi. amasTan gamokvleulia sxvadasxva damokide-
bulebebi arxebis Rirebulebisa maT gamtarunarianobasTan, miRe-
bulia Zalze saintereso da saWiro formulebi qselebis proeq-
tirebisaTvis. Tumca es gamosaTvleli formulebi samarTliania mxo-
lod im pirobis dros, roca kavSirgabmulobis arxebi absoliturad 
saimedoni arian, xolo qselSi cirkulireben Setyobinebebis 
erTnairi sigrZis nakadebi, rac Cans (1.1.) formulidan. es zRudavs 
maT gamoyenebas qselebis gaTvlebSi, vinaidan [36, 34 da sxva] naSro-
mebSi miRebuli damokidebulebebi SeiZleba gamoyenebuli iqnen 
mxolod SefasebebisaTvis. j. martins Tavis SromebSi [41 da sxva] 
mohyavs masala informaciis gadamcemi qselebis sistemuri analizi-
saTvis. Tumca mis naSromebSi gamokvleulia qselebi Setyobinebebis 
erTnairi sigrZis nakadebiT. Cvens mier Catarebuli gamokvlevebis 
yuradRebas imsaxurebs Tavi 3.4., sadac ganixileba minimaluri 
gaWimulobis kavSirgabmulobis qselis agebis amocana, moyvanilia 
qselebis struqturebis gaTvlis magaliTebi. ueWvelia es masala 
gamoyenebuli unda iqnes optimaluri struqturis agebis amocanaTa 
 
gadawyvetaSi. kerZod, im nawilSi Tu rogor iqnes SerCeuli 
sxvadasxva daniSnulebis saabonento sadgurebis ganlagebis 
adgilmdebareoba da rogor miuerTdes maT saabonento punqtebi. 
qselis proeqtirebis praqtikaSi Zalze faseuls warmoadgens 
m. Svarcis naSromi [69], romlis Sedegebze xdeba miniSvnebi aRniS-
nul sadisertacio saSromSi. am samuSaos mniSvneloba 
mdgomareobs l. kleinrokis meTodiT qselebis struqturebis 
fragmentebis praqtikuli gaTvlebis magaliTebSi. m. Svarci Tavis 
naSromSi did yuradRebas uTmobs qselis struqturis 
proeqtirebis sakiTxebs (Tavi 9, 10), amasTan ganixileba struqtu-
rebis optimizaciis ukve damuSavebuli algoriTmebis (eJen – 
viliamsis, primas, kruskalis da sxva) dadebiTi da uaryofiTi 
mxareebi. Tumca am namuSevrebSic igulisxmeba, rom qselSi 
gadaicema erTgvarovani puasonuri nakadebi, xolo arxebi 
warmoadgenen absoliturad saimedos.  
saWiroa aseve SevniSnoT, rom aRniSnul samuSaoebSi qselis 
proeqtirebis amocanaTa gadawyvetis dros ar gamoikvleva struq-
turis maxasiaTeblebze gamoyenebuli protokolebis gavlena, 
romelTa safuZvelzec swarmoebs qselis muSaoba. amitom proto-
kolebis gansakuTrebulobebis gavlenis sakiTxebi unda aRebuli 
iqnes safuZvlad Cvens mier Catarebul gamokvlevebSi. 
qselebis struqturebis proeqtirebis sakiTxebs eZRvneba 
samuSaoebi [21 da sxva]. amasTan gamoiyeneba grafebis Teoriis 
rezultatebi, sadac wiboebis wonebis saxiT igulisxmeba cno-
bili funqcionaluri damokidebulebebi kavSirgabmulobis ar-
xebis Rirebulebisa maT gaWimulobaze da gamtarunarianobaze, 
rac yovelTvis araa cnobili. amas garda qselSi nakadebi 
igulisxmebian isev erTgvarovnad.  
grafTa Teoriis gamoyenebiT qselebis analizisa da sinTe-
zisaTvis miZRvnil mravalricxovan naSromebSi [62, 65, 68 da sxva] 
moyvanilia qselebis gamokvlevebis praqtikulad yvela meTodis 
 
zedmiwevniTi aRwera. aucilebelia literaturul wyaroebSi ga-
dmocemuli meTodebis misadageba gansaxilveli qselebis specifi-
urobaze. es pirvel rigSi exeba qselis araerTgvarovan nakadebs. 
amitom grafTa Teoriis, petris qselebis meTodebis gamoyeneba 
aucilebeli da mizanSewonilia maTi Sesabamisi srulyofiT. 
sxvadasxva daniSnulebis qseluri struqturebis proeqtire-
bis Sesaxeb literaturis analizis dros saWiroa gansakuTre-
bulad SevCerdeT samuSaoze [74], romelSic qselebis analizisa 
da sinTezis sxvadasxva amocanebi wydeba efeqturobis erTiani 
kriteriumebis daxmarebiT. yvela gamosaTvleli damokidebule-
bebi miRebulia puasonuri nakadebisa da momsaxureobis eqspo-
nencialuri drois SemTxvevisaTvis, Tumca keTdeba mcdeloba 
zogierT amocanebSi uari Tqvan ganawilebis eqsponencialur 
kanonze. Tumca ganawilebis kanonebis gavlena qselis struqtu-
ris ZiriTad maxasiaTeblebze (warmadoba, saimedooba), gamoyene-
buli protokolis gavlena, rCebian gamoukvlevelni. amas garda 
iyeneben ra struqturebis analizisa da sinTezisaTvis grafebis 
Teoriis rezultatebs, am samuSaoebSi ise rogorc sxva naSro-
mebSi, sruliad uyuradRebod rCeba qselis kvanZebis saWiro 
kavSirianobis Sefasebis sakiTxi. optimaluri kavSirianobis Sefa-
sebis Sesaxeb amocanis gadawyvetis gareSe SeuZlebelia 
gadawydes qselis struqturis optimizaciis problema. amitom 
aRniSnulma sakiTxma Tavisi asaxva unda hpovos Cvens mier 
Catarebul gamokvlevebSi. 
meore jgufis samuSaoebidan, romlebic exeba qselebis 
Sesaqmneli struqturebis efeqturobis Sefasebis sakiTxebs, 
saWiroa aRiniSnos [17, 18, 36, 34, 3, 66]. am samuSaoebSi, Tu ar 
CavTvliT bolo naSroms, efeqturobis kriteriumad iyeneben 
momxmareblamde informaciis Cabarebis saSualo dros, saimedo-
obas, xelisSemSlelebis mimarT mdgradobasa da sxva maCve-
neblebs. yvela es kriteriumebi gvevlinebian efeqturobis kerZo 
kriteriumebad, romelTaA daxmarebiTac wydeba qselis Seqmnis esa 
 
Tu is amocana. amasTan ZiriTad uaryofiT mxares warmoadgens is, 
rom es kriteriumebi araa dakavSirebuli erTmaneTTan. swrafva 
gaumjobesdes efeqturobis yvela maCveneblebis mniSvneloba, maTi 
urTierTkavSiris gareSe, iwvevs danaxarjebis mkveTr gazrdas 
Sesaqmneli qselisaTvis. amitom, rogorc aRniSnulia [66]-Si, 
saWiroa gamoyenebuli iqnes efeqturobis erTiani 
ganzogadoebuli kriteriumebi, romliTac obieqturad 
gaTvaliswinebuli iqneba kerZo kriteriumebis urTierTkavSiri. 
aseT ganzogadoebul kriteriums, rogorc ukve avRniSnoT, 
warmoadgens, danaxarjebi Sesaqmnel qselze, qselSi informaciis 
Cabarebis (gagzavnidan mimRebamde) droiTi SezRudvebis dros. 
mesame niSnis mixedviT samuSaoTa Soris Cven CamovTvliT 
mxolod iseTebs, romlebic uzrunvelyofs danaxarjebis mini-
mizacias Sesaqmnel qselze. maT miekuTvneba samuSaoebi sai-
medoobis, resursebis optimaluri ganawilebis da sxva Sesaxeb, 
romlebic moyvanilia disertaciis bolos gamoyenebuli lite-
raturis siaSi. am samuSaoebze TiToeuli Tavis teqstSi 
gakeTebulia miniSnebebi, vinaidan maTi daxmarebiT SesaZlebelia 
gadawydes qselis struqturis optimizaciis esa Tu is amocana. 
meoTxe niSnis samuSaoebi aRniSnuli iqneba paragrafSi im 
meTodebisa da aparatis SerCevis dros, romlebic saWiroa 
qselebis struqturis optimizaciis maTematikuri modelebis age-
bisaTvis, aseve am samuSaoebze miniSnebas gavakeTebT aRniSnul 
disertaciaSi warmoebuli gamokvlevebis Sesabamis paragrafebSi. 
amgvarad, aRniSnul paragrafSi moyvanili masalidan Cans 
jer kidev gadauWreli amocanebis wre, romlebic gansazRvraven 
warmodgenili sadisertacio naSromis mizansa da mimarTulebas 
sxvadasxva daniSnulebis qselebis struqturebis optimizaciisaT-
vis maTematikuri modelebis Sesaqmnelad. manamde ki sanam 
gadavidodeT im sakiTxebis ganxilvaze, romlebic saWiroa gada-
 
wyvetili iqnes, mizanSewonilia SeirCes da dasabuTdes qselis 
struqturis efeqturobis kriteriumebi. 
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kriteriumebze moTxovnebidan gamomdinare, dasawyisSi saWi-
roa ganisazRvros informaciis gadamcemi qselis ZiriTadi daniS-
nuleba: informaciis gadamcemma qselma unda uzrunvelyos 
informaciis drouli Cabareba wyarodan mimRebze, minimaluri 
kapitaluri da mimdinare danaxarjebis dros Sesaqmnel qselze. 
droulobis ZiriTad maCveneblebs warmoadgenen informaciis 
Cabarebis dro an qselze reaqciis dro (sistemebisaTvis moTxo-
vna_pasuxebiT) aseve albaToba (TPCabT  )Cab.mCab T  i
[66
misa, rom mniSvne-
loba CabT  ar gadaametebs winaswar mocemul sidides Cab.mT  ]. 
Zneli ar aris dadgindes, rom Setyobinebis Cabarebis drois 
mniSvneloba  da albaToba CabT )( Cab.mCab TTP   damokidebulni arian 
teqnikuri saSualebebisa da kavSiris arxebis kompleqsis warma-
dobaze (swrafqmedebaze); maT saimedoobaze; kvanZebis raodeno-
baze, romelsac gaivlis informacia misi wyarodan mimRebisaken 
da maTi datvirTulobis xarisxze; qselis struqturaze; kvaSiris 
arxebis aparaturis SekeTeba _ unarianobaze da informaciis 
gadamcemi qselis sxva teqnikur da saeqspluatacio 
maxasiaTeblebze. Tavis mxriv, qselis komponentebis ama Tu im 
xarisxis uzrunvelyofa damokidebulia im danaxarjebis sidide-
ze, romlebic gamoiyofa am miznebisaTvis. 
cxadia, dro  da albaToba CabT )( Cab.mCab TTP   TavisTavad raRa-
cnairad axasiaTeben nebismieri qselis yvela ZiriTad teqnikur, 
 
ekonomikur, saeqspluatacio maxasiaTeblebsa da parametrebs, rac 
zogadi saxiT Caiwereba Semdegnairad [66]:  
,....)Ц,Z,N ,,P ,L,D ,R,A ,(P)TT(P skcnnnsji  mty Cab.mCab.     (1.2) 
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simravlea, romlebic axasiaTeben informaciis gadamcemi traqtis 
mtyunebebs da mis aRdgenas; NNS   _ kavSirgabmulobis kvanZebis 
simravlea;  _ faqtorebis simravle, romlebic axasiaTeben 
qselis SenarCunebas mzadyofnaSi misi eqspluataciis dros 
;  _ qselis Seqmnaze da mis eqspluataciaze 
moyvanili ekonomikuri danaxarjebia. 
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amgvarad, Tu funqciebi )( Cab.mCab TTP   da  gamoixateba 
informaciis gadamcemi qselis maxasiaTeblebiT cxadad, maSin 
isini SeiZleba gamodgnen rogorc kargi efeqturobis krite-
riumebi, romlebic aerTianeben Tavis TavSi yvela kerZo 
kriteriumebs, SemoTavazebuls literaturaSi [3, 15, 16, 18, 24, 30, 
36, 56, 58 da sxva]. gamoixatos 
CabT
)( Cab.mCab TTP   da  funqciebis 
damokidebuleba cxadi saxiT qselis yvela parametrebze, misi 
Seqmnisa da eqspluataciis danaxarjebze, ver xerxdeba. amitom 
CabT
 
mizanSewonilia gamoiyos (1.2) da (1.3)_dan efeqturobis damoukide-
bel kriteriumebad yvela danaxarjebi monacemTa gadamcemi 
qselebis Seqmnaze da eqspluataciaze, romlebic gansazRvraven 
moyvanil danaxarjebs, xolo Semdeg gamoixatos (1.2) da (1.3) 
damokidebulebebi monacemTa gadamcemi qselisa da sainformacio 
nakadebis mTavari parametrebiT. Tu romeli parametrebi miviRoT 
mTavar parametrebad, damokidebulia Catarebuli gamokvlevebis 
mizanze. zemoT moyvanili funqciebidan Cabarebis dro TCab. 
warmoadgens ufro gasagebs ara marto qselebis dampro-
eqteblebisTvis, aramed TviT momxmareblebisTvisac. amitom Sem-
dgomSi Cven gamoviyenebT (1.3) funqcias. efeqturobis am maCve-
neblis mniSvneloba warmoadgens ZiriTads gadawyvetilebebis 
misaRebad informaciis gadamcemi qselebis proeqtirebis, warmo-
ebisa da eqspluataciis mravalricxovan amocanebSi, Tu ki amave 
dros erTdroulad mxedvelobaSi miiReba sistemisa da misi 
Semadgeneli yvela sxva parametrebis urTierTkavSiri da mniSvne-
lobebi. sakiTxis aseTi dayenebiT Setyobinebebis Cabarebis dro, 
rogorc qselebis efeqturobis mTavari kriteriumi, warmoadgens 
ufro moxerxebuls da martivs monacemTa gadamcemi qselebis 
optimizaciis Casatareblad vidre albaToba . es 
naCvenebi iqneba Semdeg paragrafSi. 
)( Cab.mCab TTP 
Setyobinebebis Cabarebis dro, informaciis gadamcem qseleb-
Si, warmoadgens SemTxveviT sidides, romlisTvisac samarTliania 
statistikuri mdgradobis Tviseba [18, 36], amitom efeqturobis 
kriteriumis saxiT SeiZleba ganvixiloT Cabarebis CabT  drois 
maTematikuri molodini misi dispersiis gaTvaliswinebiT, 
rogorc funqciisa qselis mTavari parametrebis, informaciis 
nakadebisa da sxva. qvemoT davamtkicebT, rom informaciisa da 
mtyunebebis nakadebis ganawilebis kanonebze, maTi momsaxureobis 
droze zogadad miRebuli daSvebebisaTvis SesaZlebelia miviRoT 
sakmaod mosaxerxebeli sainJinro gaTvlebisaTvis CabT  damokide-
bulebebi qselis yvela ZiriTadi parametrebidan, trafikidan da 
 
saeqspluatacio – teqnikuri maxasiaTeblebidan. vinaidan sapro-
eqto sistemis xarisxi ufro arsebiTadaa damokidebuli materi-
alur danaxarjebze, amitom monacemTa gadamcemi qselis Rire-
buleba, gansazRvruli kapitaluri da mimdinare danaxarjebiT, 
warmoadgens efeqturobis meore ZiriTad kriteriums. es 
Rirebuleba SeiZleba warmodgenili iqnes qselze wayenebuli 
moTxovnebis uzrunvelsayofad danaxarjebis calkeuli mdgenele-
bis aditiuri funqciiT. aseTi midgomis dros viRebT qselebis 
or urTierTdamokidebul efeqturobis kriteriums, rac iwvevs mi-
Rebuli iqnes gadawyvetileba specifikuri sakiTxebis gada-
saWrelad (SesaZlo simravlidan SeirCes saukeTeso varianti). 
monacemTa gadamcemi qselis saukeTeso varianti SeiZleba 
ganisazRvros im minimaluri CabT  mniSvnelobiT, romlisaTvisac 
qselze danaxarjebi ar aRemateba raime winaswar mocemul mniS-
vnelobebs. amgvarad, informaciis gadamcemi qselis kriteriu-
mebad, rac analogiuria qselis struqturisa, SeiZleba SerCeuli 
iqnen: danaxarjebis minimumi Sesaqmnel sistemaze qselSi informa-
ciis Cabarebis SezRuduli drois pirobebSi anda qselSi Setyo-
binebebis Cabarebis drois minimumi mis Rirebulebaze 
SezRudvebis dros. 
teqnikuri sistemebis modelebis analizis saboloo mizans 
warmoadgens daxmarebis aRmoCena, sistemebis proeqtirebisa da 
eqspulataciis etapebze optimaluri gadawyvetilebis misaRebad. 
damproeqteblebi, rogorc wesi, iswrafvian amoirCion sistemis 
struqturis saukeTeso varianti ramodenime SesaZleblidan, 
efeqturobis arCeul maCvenebelTa Sesabamisobis TvalsazrisiT 
(miznis funqcia, xarsixis kriteriumi). 
efeqturobis maCveneblis SerCeva warmoadgens erT-erT 
sakvanZo sakiTxs. efeqturobis maCveneblebiT xasiaTdeba dasaxul 
miznebTan sistemis Sesabamisobis xarisxi. efeqturobis 
maCveneblebi upirveles yovlisa asaxaven sistemis mTavar 
 
miznobriv amocanas, iTvaliswineben sxvadasxva parametrebis 
zemoqmedebas sistemis mier dasmuli amocanebis Sesrulebis 
xarisxze [7, 8, 43, 44, 61]. 
daproeqtebis miznebisa da maTi daniSnulebisadmi sistemis 
Sesabamisobis raodenobriv maxasiaTeblebs uwodeben efeqturobis 
kriteriumebs an maCveneblebs. efeqturoba unda asaxavdes 
sistemis garkveul mizanSewonilobas ricxviT mniSvnelobebSi da 
axasiaTebdes sistemis funqcionirebis xarisxs. efeqturobis 
kriteriumi unda iyos moxerxebuli gamosaTvlelad da 
mgrZnobiare ZiriTadi parametrebisadmi.  
rTuli sistemebis efeqturobis kriteriumebis mniSvnelobebi 
damokidebulia Siga da gare parametrebis did raodenobaze. gare 
parametrebi warmoadgenen sawyis monacemebs, romlebic ar 
icvlebian proeqtirebis dros, xolo Siga parametrebi icvlebian 
efeqturobis eqstremaluri mniSvnelobis misaRebad. arasaimedo 
xelsawyoebiani momsaxure sistemis funqcionirebis efeqturobaze 
moqmedebs Semdegi faqtorebi: 
1. moTxovnaTa Semavali nakadebis maxasiaTeblebi da 
parametrebi; 
2. moTxovnaTa momsaxurebis maxasiaTeblebi da parametrebi, 
romlebic Tavis mxriv damokidebulni arian momsaxure sistemis 
maxasiaTeblebze; 
3. Sewyvetili moTxovnebis momsaxurebis damTavrebis 
variantebis maxasiaTeblebi; 
4. qmediTunarianobis kontrolis SerCeuli meTodis 
maxasiaTeblebi; 
zemoT ganxiluli sistemebis gansakuTrebiT mniSvnelovan 
efeqturobis maCveneblebad unda CaiTvalos:  
 
1. realuri mwarmoeblurobis koeficienti, romelic 
warmoadgens momsaxure sistemis absoluturi saimedoobis 
pirobebSi davalebis Sesasruleblad saWiro aucilebeli sufTa 
drois Sefardebas, momsaxure sistemis mier davalebis 
Sesrulebis drois maTematikur lodinTan, misi saimedoobis 
gaTvaliswinebiT. es maCvenebeli unda ganisazRvros davalebis 
Sesrulebis albaTobis mocemuli mniSvnelobisaTvis. am 
maCveneblis mniSveloba saSualebas iZleva, magaliTad, gadawydes 
monacemTa gadacemis arxis proeqtirebis dros aucilebeli 
operatiuroba. momsaxure sistemis (monacemTa gadacemis arxebi, 
egm da a.S.) Oori tipidan: swrafadmoqmedi, magram naklebad 
saimedo da naklebad swrafadmoqmedi, magram ufro saimedo, 
bunebrivia upiratesoba  unda mivaniWoT im momsaxure sistemas, 
romelic xasiaTdeba realuri mwarmoeblurobis ufro maRali 
koeficienti, davalebis Sesrulebis albaTobis erTidaigive 
mniSvnelobis dros.  
2. moTxovnis sistemaSi dayovnebis dro [33, 34], romelic 
Sedgeba rigSi lodinis drois da momsaxurebis droisagan. aseTi 
sistemis ekonomiuri SefasebisaTvis SeiZleba davuSvaT, rom 
drois erTeulis lodinisaTvis daniSnulia garkveuli jarima, 
romelic izrdeba dagvianebis drois proporciulad an icvleba 
naxtomiT am drois garkveuli mniSvnelobebisaTvis.  
3. aRwerili saxis sistemebis efeqturobis mniSvnelovan 
maCvenebels warmoadgens rigis sigrZe. rigis sigrZe ewodeba 
erTdroulad momlodine moTxovnaTa raodenobas. rigis sigrZis 
maxasiaTeblebis gaTvaliswineba, rogorc wesi, xdeba momlodine 
moTxovnebis SenaxvisaTvis maxsovrobis aucilebeli moculobis 
SerCevisas [7, 27, 43, 44, 63, 66]. 
sistemis ekonomiuri SefasebisaTvis, am TvalsazrisiT, 
SeiZleba SemoviRoT garkveuli funqcia, romelic damokidebulia 
 
rigis sigrZeze da maxsovrobis aucilebeli moculobis 
Sesaqmnelad saWiro xarjebze. 
SeiZleba vamtkicod, rom efeqturobis ufro zogadi 
(integraluri) kriteriumebi damokidebuli iqneba ukve 
CamoTvlil kerZo kriteriumebze, ra Tqma unda, konkretul 
situaciaSi yoveli maTganis mniSvnelobis gaTvaliswinebiT. 
SemdgomSi gamosakvlevi sistemebis efeqturobis kriteriumebad 
Cven gamoviyenebT am maCveneblebs.  
 
1.4. კვლევის ძირითადი ამოცანების ფორმულირება 
 
qselebis nebismieri struqtura xasiaTdeba arxebisa da 
saabonento sadgurebis raodenobiT, romlebic saWiroa saabonen-
to punqtebidan informaciis gadasacemad. saabonento sadgurebis 
raodenoba erTmaneTTan ise unda iyvnen dakavSirebuli, rom 
uzrunvelyon momxmareblamde informaciis saimedo da drouli 
Cabareba. amasTan saWiroa am informaciis Cabareba resursebis 
minimaluri, aucilebeli raodenobiT, romlebic uzrunvelyofen 
Sesaqmnel qselze danaxarjTa minimizacias. danaxarjebis minimi-
zacia SeiZleba uzrunvelyos kavSiris yvela arxebis minimalurma 
gaWimulobam, gamoyenebuli saabonento sadgurebis minimalurma 
raodenobam da dabalma Rirebulebam. arxebis Rirebuleba 
ganisazRvreba arxis xarisxiT, romelic xasiaTdeba ara marto 
gamtarunarianobiT, aramed xelisSemSlelebis mimarT mdgrado-
biT (saimedoobiT) da sxva maCveneblebiT. saabonento sadgurebis 
Rirebuleba ganisazRvreba aseve mravali maCveneblebiT (gada-
cemis siCqariT, mexsierebis moculobiT, xelisSemSlelebis mi-
marT mdgradobiT, saabonento punqtebis raodenobiT). cxadia 
qselis Sesaqmnel struqturaze danaxarjebis minimizaciisaTvis 
saWiroa ganisazRvros ama Tu im maxasiaTeblebis an parametrebis 
 
mniSvnelobebi, romlebic gavlenas axdenen qselis komponentebis 
Rirebulebaze da informaciis droul Cabarebaze. 
Tavis mxriv arxebis da saabonento sadgurebis maxasia-
Teblebi warmoadgenen funqciebs mravali Sinagani da garegani 
faqtorebiT, romlebic gavlenas axdenen maT mniSvnelobaze. 
yvela maxasiaTebelis, aseve maTze gavlenis momxdeni yvela 
faqtoris gansazRvra erTi sadisertacio naSromis farglebSi 
SeuZlebelia. amitom SevCerdebiT im sakiTxebze, romlebic exeba 
SedarebiT naklebad gamokvleul problemaTa ricxvs da gamov-
yofT mxolod mTavar maxasiaTeblebs da parametrebs, romlebic 
Zlier gavlenas axdenen qselis struqturaze. 
Sesaqmnel qselze da informaciis droul Cabarebaze eko-
nomikuri danaxarjebi mniSvnelovnad ganisazRvreba misi kompo-
nentebis saimedoobiTa da warmadobiT. es maxasiaTeblebi, gamo-
yenebuli unda iqnen aRniSnul sadisertacio naSromSic. 
Tavis mxriv, arxebis saimedooba da gamtarunarianoba unda 
ganisazRvros informaciis saWiro drouli Cabarebisa da misi 
gadacemis Taviseburebebis (SetyobinebebiT, paketebiT, sainfor-
macio gacvlisTvis gamoyenebuli konkretuli algoriTmebiT - 
protokolebiT da sxva) gaTvaliswinebiT. amitom qselSi infor-
maciis Cabarebis drois Sefaseba, misi gadacemis Taviseburebebis 
gaTvaliswinebiT, warmoadgens ZiriTad amocanas. vinaidan informa-
ciis Cabarebis dro da misi Semadgenlebi warmoadgenen SemTxveviT 
sidideebs, amitom qselis struqturis gaTvlebSi saWiroa 
gaviTvaliswinoT misi maTematikuri molodini. Tavis mxriv maTema-
tikuri molodini damokidebulia SemTxveviTi sidideebis ganawi-
lebaTa kanonebze. amave kanonebzea damokidebuli agreTve qselis 
gamtarunarianoba, saimedooba, e.i. zogadad qselis struqtura. 
amitom sadisertacio naSromis ZiriTad mizans  warmoadgens 
qselis struqturis maxasiaTeblebis sidideze SemTxveviTi sidi-
deebis ganawilebis kanonebis gavlenis gansazRvra, rac SeiZleba 
 
CaiTvalos siaxled, vinaidan zemoaRniSnul naSromebSi qselis 
maxasiaTeblebi ganisazRvreboda determinirebuli midgomis safu-
Zvelze an ganawilebis eqsponencialuri kanonis daSvebis dros. 
sakiTxis amgvari dayenebidan gamomdinare warmodgenil sadi-
sertacio namuSromSi gadawyvetili unda iqnes Semdegi amocanebi: 
_ damuSavdes maTematikuri modelebi qselis efeqturi 
gamtarunarianobis gaTvlisaTvis; 
_ damuSavdes maTematikuri modelebi qselis struqturis 
efeqturi saimedoobis gaTvlisaTvis; 
_ damuSavdes maTematikuri modelebi qselSi paketis 
gadacemis realuri drois SefasebisaTvis; 
_ damuSavdes nebismieri daniSnulebis qselebis efeqturi 
struqturebis proeqtirebis meTodika. 
zemoT formulirebuli amocanebidan Cans Catarebuli kvle-
vis mimarTuleba da gansaxilvel amocanaTa sirTule. maTi gada-
wyveta mogvcems informaciis gadamcemi, amJamad arsebuli qsele-
bis modernizaciisa da axali qseluri struqturebis proeq-
tirebis teqnikur – ekonomikur dasabuTebas monacemTa gadamcemi 
sainformacio – gamomTvleli qselebis Seqmnisa da eqsplu-
ataciis yvela etapebze. amasTan ZiriTadi yuradReba unda daeT-
mos iseTi ZiriTadi maxasiaTeblebis gansazRvrasa da optimaluri 
mniSvnelobebis uzrunvelyofas, rogoricaa warmadoba, 
saimedooba, xeliSemSlelebis mimarT mdgradoba da Rirebuleba, 
romlebic daxasiaTebulia informaciis gadamcemi qselisa da 
misi komponentebis mravali parametrebiT. 
zogad SemTxvevaSi Catarebuli kvlevis amocanebi dayvanili 
unda iqnen cxadi saxiT Semdegi funqciebis miRebamde: 
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sadac   _ qselis struqturis  i -uri arxis Sesa-
bamisad mzadyofnis koeficientisa da gamtarunarianobis optima-
luri mniSvnelobebia, 
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momxmarebelze gadasacemi informaciisa ),...,3,2,( kj 1 ; _ 
SetyobinebaTa Sesabamisi nakadebisa da maTi sigrZeebis i –ur 
arxSi ganawilebis kanoni; _ -ur arxSi Setyobinebebis –uri 
nakadis damaxinjebis albaTobaa;  _ saabonento sadgurebis 
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(1.4) da (1.5) gamosaxulebebis miReba warmoadgens Catarebuli 
kvlevis ZiriTad amocanas. (1.4) da (1.5) – is mdgenelebi warmoadge-
nen qselis ZiriTad parametrebs. mTavar parametrebad maTi 
mikuTvneba aixsneba imiT, rom isini axasiaTeben informaciis ga-
damcemi qselebis xarisxobriv da raodenobriv Semadgenlobas da 
mis ekonomikur maCveneblebs. 
zemoTaRniSnuli mTavari parametrebis umravlesobas gaaC-
niaT martivi urTierTkavSiri sxva parametrebTan. ase magaliTad, 
monacemTa gadasacemi qselis momxmarebelTa ricxvis gazrda ma-
Sinve aisaxeba trafikis intensiobis mniSvnelobaze. amave para-
metriT mWidroTaa dakavSirebuli signalebis danaxarjebisa da 
xelisSemSlelebis mimarT mdgradobis Tvisebebi. xelisSemSle-
lebi da damaxinjebebi iwveven informaciis ganmeorebiT gada-
cemis aucileblobas, rac axdens gavlenas informaciis nakadebis 
intensivobis gazrdaze. damaxinjebebis intensivobis mniSvne-
lobebis mixedviT fasdeba informaciis utyuari miRebis alba-
 
Toba da a.S. msgavsi analogiuri urTierTkavSirebi SeiZleba 
damyarebuli iqnes sxva parametrebTanac. 
miviRebT ra (1.4) da (1.5) gamosaxulebebs cxadi saxiT, 
saWiroa Sefasdes qselis struqturis ekonomikuri kriteriumi 
Semdegi damokidebulebis daxmarebiT: 
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sadac  _ qselis saproeqto struqturis Rirebulebaa; 
_ kavSiris –uri arxis Rirebuleba 
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sarezervo arxebis Rirebuleba;  _ Sesabamisad kavSiris 
arxebisa da saabonento sadgurebis raodenobaa qselSi; _ 
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cxadia, rom –uri arxis Rirebuleba i i  TviTon warmoadgens 
funqcias warmadobisa, arxis gaWimulobisa da a.S., parametre-
bisagan (argumentebisa), xolo qselze saerTo danaxarjebi ki 
damokidebulia kavSirianobaze (igulisxmeba rogorc geografi-
uli masStabebi, aseve Semadgeneli qseluri resursebis 
Rirebulebebisa da momsaxureobis xarjebic). 
zogad SemTxvevaSi sadisertacio naSromSi Catarebuli kvle-
vis miznisa da amocanebis maTematikuri formulireba yovelgvari 
zemoTxsenebulis gaTvaliswinebiT SeiZleba Caiweros Semdegi 
saxiT: 
vipovoT pirobebi, romlebic uzrunvelyofen miznobrivi 
funqciis minimums: 
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informaciis gadamcemi qselebis efeqturi struqturebis 
maTematikuri modelebisa da proeqtirebis meTodikis dasamuSa-
 
veblad saWiroa mokled ganvixiloT meTodebi, romelTa bazazec 
gadawydeba optimizaciis amocanebi da amasTan dakavSirebuli 
daSvebebi da SezRudvebi. es saSualebas mogvcems damatebiT da-
dgindes gadauwyveteli sakiTxebi. 
qselebSi mimdinare procesebi warmoadgenen SemTxveviT 
procesebs, maTi Tvisebebi SeuZlebelia gamokvleuli iqnes 
determinizmis poziciebidan, amitomac procesebis analizSi da 
sinTezSi aucilebelia albaTuri midgoma [9, 15, 25 da sxva]. 
gamonakliss warmoadgens qselis topologiis sinTezis pirveli 
etapi, dafuZnebuli grafebis Teoriis meTodebze [61, 59, 43 da 
sxva], roca kavSiris arxebi iTvleba absoluturad saimedod. 
gamokvlevebSi miRebuli yvela meTodebidan informaciis gadam-
cemi qselebis analizisaTvis ufro misaRebia masobrivi momsa-
xureobis Teoriis meTodebi, romlebic saSualebas iZlevian erTi 
da igive modelebis daxmarebiT formalizebuli iqnes sistemisa 
da misi komponentebis sxvadasxva procesebi. masobrivi momsa-
xureobis Teoriis gamoyenebis mizanSewoniloba damajereblad 
damtkicebulia [14, 20, 36, 34, 37]–Si. Tumca masobrivi 
momsaxureobis marto meTodebi ar miesadageba informaciis 
gadamcemi qselebis efeqtianobis amocanebs. amitom maTTan dama-
tebiT saWiroa gamoyenebuli iqnes maTematikuri programirebis, 
lagranJis ganusazRvreli mamravlebisa da rTuli sistemis 
optimizaciis sxva meTodebi [6, 7, 16, 19, 26, 32], aseve statistikuri 
modelireba.  
masobrivi momsaxureobis TeoriaSi SedarebiT sruladaa 
damuSavebuli wrfivi saCvenebeli qselebis modelebi, romlebmac 
farTo gamoeneba hpoves informaciis gadamcemi qselebis ana-
lizsa da sinTezSi [18, 24, 27, 41, 56, 69]. amasTan, qselis TiTo-
euli komponenti ganixileba rogorc M/M/1 tipis masobrivi 
momsaxureobis sistema [35]. aseTi daSveba SeiZleba samarTliani 
iyos mxolod siistemis pirveli fazisaTvis, romelzedac 
miewodeba erTgvarovani nakadi [66], warmoqmnili informaciis 
 
mravali wyaros mier. SekveTebis momsaxureobis drois eqspo-
nencialuri ganawileba informaciis gadamcemi qselis zogierT 
komponentSi aseve kargadaa dasabuTebuli [49, 66]_Si. Tumca es ar 
SeiZleba iTqvas kavSiris arxebze Semdegi mizezebis gamo. amJamad 
arsebuli protokolebis Tanaxmad informaciis gadacema Se-
iZleba swarmoebdes mudmivi sigrZis paketebiT. amas garda, 
SemTxveviTi sigrZis informaciis gadacemis dros, TiToeuli 
gadasacemi Setyobineba Seivseba samosamsaxureo bitebiT, ro-
melTa jamuri sigrZe SeiZleba iyos mudmivi [17, 18]. cxadia, 
kavSiris arxebisaTvis momsaxureobis dro ar SeiZleba ganxi-
luli iqnes rogorc saCvenebeli, aramed kavSiris arxebidan ga-
momaval nakadSi saWiroa gaTvaliswinebuli iqnes bolo qmedeba. 
analogiurad SeiZleba iTqvas komponentebisaTvisac, romlebsac 
miewodebaT SekveTebis erTgvarovani nakadebi. amitom, mkacrad 
rom vTqvaT, CavataroT mimdevrobiT SeerTebuli M/M/1 tipis 
masobrivi momsaxureobis sistemiT informaciis gadamcemi qsele-
bis formalizacia ganawilebis kanonis puasonurisagan gada-
xrebis gaTvaliswinebis gareSe, metad didi sifrTxilea saWiro, 
rac damtkicebuli iqneba warmodgenil sadisertacio naSromSi. 
Tumca G/G/1 tpis masobrivi momsaxureobis sistemisaTvis sabo-
loo gadawyvetis povna ver xerxdeba da amitomac iZulebulni 
varT SevitanoT garkveuli dasabuTebuli daSvebebi, rac pirvel 
rigSi exeba informaciis Semavali da gamavali nakadebis 
ganawilebis kanonebs, qselebis komponentebSi misi damuSavebis 
dros da SetyobinebaTa sigrZeebs. saWiroa am sakiTxebs mieqces 
gansakuTrebuli yuradReba, vinaidan maTzea damokidebuli 
gaTvlebis sizuste da utyuaroba. amasTan dakavSirebiT saWiroa 
SevniSnoT Semdegi: axali qselis proetirebis dros, anda misi 
modernizaciisas damproeqtebeli imyofeba srul gaurkvevlobaSi 
ganawilebis aRniSnuli kanonebis mimarT, vinaidan ar arsebobs 
Sesabamisi statistika, winaswar ucnobia saabonento punqtebis 
raodenobis gafarToebis SesaZlebloba da ufro srulyofili 
aRWurvilobis maxasiaTeblebi. ukeTes SemTxvevaSi damproeqte-
 
bels eZleva Sesabamisi sidideebis cvlilebebis SesaZlo sa-
zRvrebi. amitom gaTvlebisaTvis gamoiyeneba analogiuri qselebis 
statistikuri monacemebis analizi, rac mkacrad rom vTqvaT, ar 
SeZleba CaiTvalos sakmarisad sworad Sesaqmneli sistemisaTvis. 
yvela es moiTxovs damajerebel dasabuTebas proeqtirebis 
praqtikaSi miRebuli hipoTezebisa SemTxveviTi sidideebis 
ganawilebis kanonebis Sesaxeb. 
SedarebiT dasabuTebuls warmoadgens hipoTeza Semavali 
nakadebis ganawilebebis puasonuri kanonebis Sesaxeb. mis 
dasabuTebas Seicavs naSromi [54], romlis arsi daiyvaneba Sem-
degze: Tu arsebobs informaciis wyaros sakmaod didi raodenoba 
(10_ze meti), maSin aseTi wyaroebidan jamuri nakadi iqneba 
puasonuri imasTan damoukideblad, Tu rogoria TiToeuli 
wyaros nakadis ganawilebis kanoni. amasTan win iwevs moTxovna 
imis Sesaxeb, rom nakadi wyarodan arsebiT gavlenas ar axdendes 
jamur nakadze. es hipoTeza poulobs Tavis samarTlianobis 
mtkicebas mTel rig momuSave sistemebSi [69]. 
puasonuri kanonis Sesaxeb hipoTezis gamoyenebis moxer-
xebuloba aixsneba imiT, rom SedarebiT martivad miiReba gaT-
vlebis sawarmoeblad moxerxebuli saxiT damokidebulebebi, ro-
melTa miReba sxva kanonebis dros SeuZlebelia.  
zogad SemTxvevaSi sawyisi monacemebis ganusazRvrelobis 
dros damproeqtebels moeTxoveba icodes qseluri sistemis 
maxasiaTeblebis an parametrebis mniSvnelobaTa cvlilebebis 
SesaZlo sazRvrebi. amitom saWiroa miRebuli iqnes gamosaxuleba 
maxasiaTeblebisaTvis sistemis “advil” reJimSi muSaobis dros, 
romelic warmoiqmneba SetyobinebaTa mudmivi sigrZis dros. 
qselisa da misi komponentebis muSaobis xarisxis ricxviTi maxa-
siaTeblebis mniSvnelobebi SetyobinebaTa sigrZeebis ganawilebis 
nebismieri kanonebis dros yovelTvis mdebareobs im mniSvne-
lobebs Soris, romlebic miiReba eqsponencialuri da regu-
laruli kanonisaTvis. 
 
qselis struqturis efeqtianobis amocanebis gadawyvetis 
dros saWiroa kavSiris TiToeul arxSi miwodebuli nakadebis 
Sesaxeb codna. aseTi codna SeiZleba miRebuli iqnes qselis 
yvela marSrutebze nakadebis ganawilebis Semdeg, rac warmo-
adgens calke sakvlev problemas. amitom qselis struqturis 
efeqturobis maxasiaTeblebis gansazRvris dros vakeTebT 
daSvebas imis Sesaxeb, rom qselSi nakadebi ganawilebulia. 
amgvarad, sadicsertacio naSromSi formulirebuli sakvlevi 
amocanebis damuSavebisas ZiriTadi daSvebebi, romlebsac Cven 
vakeTebT, mdgomareobs SemdegSi: 
_ qselis Sesasvlelze miewodeba puasonuri nakadebi 
cnobili intensiobebiT; 
_ SetyobinebaTa xangrZliobebi da mtyunebaTa aRmofxvris 
droebi ganawilebulia nebismieri kanoniT cnobili saSualo 
mniSvnelobebiT; 
_ qselebis muSaobis xarisxis ZiriTadi raodenobrovi maxa-
siaTeblebisa da SerCeuli struqturis saxiT mizanSewonilia 
gamoyenebuli iqnes masobrivi momsaxureobis sistemis Semdegi 
maxasiaTeblebi: xelsawyos (kavSiris arxis an saabonento sad-
guris) CatvirTva, romelic ganisazRvreba miwodebuli nakadis 
intensiobis namravliT momsaxureobis saSualo droze, gazomili 
wamebSi; xelsawyos datvirTva, romelic ganisazRvreba nakadis 
intensiobis namravliT SetyobinebaTa (paketebis) saSualo sigrZe-
ze, gazomili bitebSi; TiToeul arxSi rigSi lodinis saSualo 
dro, romelic ganisazRvreba formuliT: 



0
iii )w(dFww    (1.6) 
sadac _momsaxureobis dawyebis lodinis  xangrZli-
obis ganawilebis funqcia;  
)( iwF w
 
qselis arxSi moTxovnaTa Seyovnebis saSualo dro 
ganisazRvreba formuliT: 



0
iii )U(dFUU    (1.13) 
sadac _momsaxureobis sistemaSi moTxovnaTa yofnis 
xangrZliobis ganawilebis funqciaa.  
)U(F i
kavSiris arxSi moTxovnaTa saSualo ricxvi ganisazRvreba 
formuliT: 



0n
nnPn   (1.14) 
sadac Pn_albaTobaa imisa, rom arxSi (rigSi da gadacemaze) 
imyofeba n ganacxadi (Setyobinebebi). 
amgvarad, ganxilulia kvlevis ZiriTadi meTodebi, dasabuTebulia 
ZiriTadi daSvebebi SemTxveviTi sidideebis ganawilebebis 
kanonebis Sesaxeb informaciis gadamcem qselebSi. es saSualebas 
gvaZlevs SevudgeT matematikuri modelebis analizsa da 
sinTezss informaciis gadacemis qselebis efeqturi 
struqturebis SeqmnisaTvis. 
 
1.5. მტყუნებადმდგრადი ტექნიკური სისტემების საიმედოობის 
და სარწმუნოობის ამაღლების მეთოდები 
 
teqnikuri sistemebis proeqtirebis dros realizdeba maT 
mier im funqciaTa CamonaTvalis Sesrulebis SesaZlebloba, 
romelic gaTvaliswinebulia teqnikuri davalebiT. struqturuli 
 
da aparaturuli realizacia proeqtirebis sawyis etapebze 
daiyvaneba minimaluri aucilebeli variantis Seqmnaze [7, 8, 47]. 
nebismieri elementis (kvanZis, blokis) mtyunebas mivyavarT 
teqnikuri pirobebiT gaTvaliswinebuli erTi, an ramdenime 
funqciis Seusruleblobamde.  
sistemis minimaluri variantis saimedoobis maxasiaTeblebi 
iSviaTad akmayofileben wamoyenebul moTxovnebs, ris gamoc 
saWiro xdeba gamoyenebul iqnas maTi saimedoobis da 
sarwmunoobis gazrdis sxvadasxva meTodebi. amitom,  mtyunebis 
warmoSobis mizezebis zemoT moyvanili analizi maTi arsebobis 
yvela etapze, agreTve maTematikuri damokidebulebebis 
saimedoobis maCveneblebis gaangariSebisaTvis da maTi 
efeqturobis kriteriumebisaTvis, saSualebas gvaZlevs gavakeToT 
daskvna, rom saWiro maRali donis saimedoobis uzrunvelyofa da 
SenarCuneba principulad SesaZlebelia mxolod saimedoobis 
amaRlebis Semdegi meTodebis gamoyenebiT: 1) aparaturis 
mtyunebis intensiurobis SemcirebiT; 2) aRdgenis saSualo drois 
SemcirebiT; 3) aparaturuli da droiTi rezervirebiT. 
saimedoobis gazrdis aRniSnuli meTodebis praqtikuli 
realizacia SeiZleba xorcieldebodes maTi arsebobis yvela 
etapze.  
saimedoobis amaRlebis problema pirvel rigSi unda 
gadaiWras maRali saimedoobis (mtyunebis naklebi intensivobis) 
mqone mowyobilobebisa da elementebis Seqmnis da gamoyenebis 
safuZvelze. Tumca, am mxriv SesaZleblobebi SezRudulia da 
yovelTvis ar aris SesaZlebeli Seiqmnas maRali saimedoobis 
mqone sistema. aRdgenis saSualo drois Semcirebis meTodi 
warmoadgens erTobliobas inJinerul-teqnikuri, organizaciul-
teqnikuri da teqnologiuri xerxebisa da operaciebisa, 
romlebic uzrunvelyofen teqnikuri sistemebis saimedoobis 
amaRlebas da amdenad amcireben mtyunebaTa ricxvs. es meTodi 
gulisxmobs agreTve aramwarmoebluri drois Semcirebas, 
 
romelic aucilebelia mtyunebis gamomwvevi mizezebis aRmoCenisa 
da aRmofxvrisaTvis.  
teqnikuri sistemebis aRdgenis procesi gulisxmobs Semdeg 
operaciebs [17, 45]: mtyunebis faqtis  arsebobis aRmoCena; 
mtyunebis gamomwvevi mizezebis aRmoCena; aRdgenisaTvis saWiro 
moxerxebulobis uzrunvelyofa.  
mtyunebis warmoqnis Semdgomi dro, zogad SemTxvevaSi, 
SeiZleba daiyos sam nawilad: dro mtyunebis warmoqmnis 
momentidan kontrolis specialuri sistemis mier mtyunebis 
faqtis arsebobis dadgenamde; dro mtyunebis faqtis arsebobis 
dadgenidan, mtyunebis adgilebis aRmoCenamde an mtyunebis 
mizezebis dadgenamde; dro mtyunebis adgilebis aRmoCenidan an 
mtyunebis mizezis dadgenidan aRdgenis momentamde an mwyobridan 
gamosuli elementis Secvlamde. imisaTvis, rom SevamciroT 
drois TiToeuli an nawilis xangrZlivoba, aucilebelia 
amaRldes kontrolis specialuri sistemis da dazianebis 
adgilis moZebnis efeqturoba, aparatebis konstruqciis da egm-is 
xarisxi, momsaxure personalis kvalifikacia da a.S.  
teqnikuri sistemebis saimedoobis gazrdis zogadi Teoriuli 
meTodebi praqtikulad realizdeba sxvadasxva saorganizacio-
teqnikuri, sainJinro-teqnikuri da teqnologiuri RonisZiebebis 
ganxorcielebis dros. 
 
1.6. მტყუნებათა კლისიფიკაცია 
 
eleqtronuli gamomTvleli manqanebi (egm) gamoiyenebian 
saxalxo meurneobis yvela dargSi. maT bazaze Seqmnili 
monacemTa gadacemis qselebi uzrunvelyofen informaciis 
gacvlas calkeul obieqtebs Soris orobiTi signalebis 
saSualebiT. Tumca orobiTi signalebis gadacema egm-is 
 
saSualebiT, arsebiTad gansxvavdeba satelegrafo SetyobinebaTa 
gadacemisagan. telegrafiaSi operatoris mier gadasacemi 
informaciis moculoba ar aRemateba 15-30 bit-s wm-Si, maSin roca 
informaciis gacvla egm-ebs Soris SeiZleba aRwevdes ramodenime 
aseul aTas bit-s wamSi. aseTi uzarmazari informaciis nakadebi 
ganpirobebulia imiT, rom Tanamedrove egm-ebs SeuZliaT 
milionobiT operaciis Sesruleba wamSi. 
satelegrafo kavSiris dros damakmayofilebeli muSaoba 
xasiaTdeba signalis arasworad miRebis albaTobis rigiT, 
maSin roca egm-ebs Soris informaciis gadacemis dros 
moiTxoveba Secdomis bevrad ufro mcire albaToba - -
rigis. es gansxvaveba aixsneba imiT, rom telegrafias 
ZiriTadad saqme aqvs iseTi azrobrivi Setyobinebebis 
gadacemasTan romelic mimRebs  saSualebas aZlevs aRadginos 
`azrobrivad~ damaxinjebuli informaciis didi nawili. egm-ebs 
Soris gadasacemi cifruli informacia, Tu mxedvelobaSi ar 
miviRebT specialur zomebs, ar xasaiTdeba aseTi Sinagani 
SesaZleblobebiT. amitom Zalian iSviaTma Secdmomebmac ki 
SeiZleba arsebiTad daamaxinjon egm-is muSaobis Sedegebi an 
masSi Seyvanili informaciis Sinaarsi. aqedan gamomdinare, 
monacemTa gadacemis arxebSi gadasacemi informaciis saimedoobas 
uyeneben Zalian maRal moTxovnebs. imasTan dakavSirebiT, rom 
monacemTa gadacemis saWiroeba warmoiSva maSin, roca ukve 
arsebobda sakmaod ganviTarebuli satelegrafo da satelefono 
arxebi yvelaze ufro bunebrivi da racionaluri xerxi am 
saWiroebis dakmayofilebisa, mdgomareobda ukve arsebuli 
arxebis,  pirvel rigSi ki tonaluri sixSiris standartuli 
arxebis gamoyenebaSi. am ukanasknelis daproeqteba xdeboda 
analogiuri signalebis gadacemisTvis, amitom ekonomiuri 
mosazrebebidan gamomdinare, reglamentirdeboda mxolod is 
pirveladi eleqtruli maxasiaTeblebi, romlebic aucilebelia 
damakmayofilebeli satelefono kavSiris damyarebisaTvis. 
410
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monacemTa gadacemis ganviTarebam moiTxova sruliad axali 
midgoma arxebis pirveladi maxasiaTeblebisadmi, romlebic 
uzrulvelyofen didi moculobis informaciis gadacemas. 
Tu tonaluri sixSiris arxs ganvixilavT, rogorc 
informaciis gadacemis garemos, romelic zemoqmedebs 
diskretuli signalis xarisxze, maSin  arxis parametrebi 
SeiZleba ganvixiloT, rogorc xarvezebis (xmauris) 
maxasiaTeblebi, romlebic iyofian or jgufad – aditiurebi da 
araaditiurebi [70, 85, 86]K 
aditiurs uwodeben xarvezebs, romelTa energiac arxSi 
Semodis garedan da romelTa Zabvac wrfivad ikribeba signalTan. 
zogadi saxiT aditiuri xarvezebi Sedgebian sami mdgenelisagan: 
fluqtuaciuri, harmoniuri da impulsuri. fluqtuaciuri 
xarvezi, romlis qveSac rogorc wesi, esmiT mravali SemTxveviTi 
faqtoris jami: siTburi xmaurebi, gadasvlebi mosazRvre 
arxebidan da a.S. eqvemdebareba normalur kanons nulovani 
saSualoTi da igi realur arxebSi umniSvnelo gavlenas axdens 
diskretuli informaciis gadacemis xarisxze. miuxedavad amisa, 
fluqtuaciuri xarvezebis zemoqmedebis kombinirebam sxva 
xelisSemSlel zemoqmedebebTan SeiZleba arsebiTad gaauaresos 
monacemTa gadacemis xarisxobrivi maCveneblebi.  
harmoniul xarvezebs aqvT arxis gamtarunarianobaze 
gacilebiT viwro sixSiris zoli. 
impulsuli xarvezi warmoadgens mcire xangrZlivobis 
impulss, romelic sruliad Tanazomadia diskretuli 
informaciis elemenetaruli gzavnilis xangrZlivobasTan. didi 
amplitudis SemTxvevaSi, mas sakmaod didi albaTobiT SeuZlia 
gamoiwvios Secdoma gadasacem informaciaSi. gamokvlevebma 
aCvenes, rom satelefono arxebSi impulsuri xarvezebi 
warmoadgenen monacemTa gadacemis dros Secdomebis warmoqmnis 
erT-erT ZiriTad mizezs. 
 
 meore jgufi xelisSemSleli faqtorebisa – araaditiuri 
xarvezebi – ganisazRvrebian arxis gadacemis koeficientis 
arawrfivi damokidebulebiT arxis parametrebisagan (sixSire, 
amplituta) da droisagan e.i. daumaxinjebeli gadacemis pirobas 
warmoadgens, arxis Semdegi maxasiaTeblebis mudmivoba, garkveul 
normirebul dasaSveb diapazonSi:  
- amplitudur-sixSiruli maxasiaTeblebi;  
- amplituduri maxasiaTeblebi; 
- narCeni milevadobis stabiluroba; 
- fazur-sixSiruli maxasiaTeblebis stabiluroba. 
monacemTa gadacemis Tanamedrove sistemebSi miRebulia 
efeqturi zomebi, romlebic uzrunvelyofen am maxasiaTeblebis 
mudmivobas garkveul sazRvrebSi. 
bolo wlebSi gairkva, rom monacemTa gadacemis arxSi 
adgili aqvs SedarebiT xanmokle Sesvenebebis did raodenobas, 
romlebic umniSvnelod uSlian xels satelefono saubrebs, 
amasTan mkveTrad auareseben gadasacemi diskretuli informaciis 
sarwmunoobas da saimedoobas.  
unda avRniSnoT, rom SecdomaTa gamokvlevis Sedegad 
dadgenilia SecdomaTa dajgufeba, intensiurobis Secvla dRe-
Ramisa da kviris sxvadasxva periodSi imis mixedviT, Tu rogoria 
sistemis SemWidroeba, teqnikuri mdgomareoba magistralis sigrZe 
da profilaqtikuri samuSaoebis Catareba. kerZod, SecdomaTa 
nakadis mniSvnelovan gansakuTrebulobas warmoadgens maTi 
dajgufeba. xelisSemSleli zemoqmedebis xangrZlivoba xSirad 
aRemateba erTeulovani bitebis (elementebis) mier gatarebuli 
impulsebis xangrZlivobas, ris gamoc xarvezis erTi zemoqmedeba 
maSinve gadafaravs erTeulovani elementebis jgufs. magaliTad: 
modulaciis  bodi siCqaris dros  wyveta 1200 31020 
 
`azianebs~ 24 erTeulovan elements. cxadia, pirobiTi albaToba 
mocemuli erTeulovani elementebis dazianebisa, rodesac 
SecdomaTa paketis SigniT dazianebulia wina mdebare elementebi, 
Zalian didia. SecdomaTa dajgufebas mraval realur arxebSi 
aqvs Zalian rTuli xasiaTi [50, 69, 70, 85, 86]. Secdomebi 
jgufdebian paketebSi, xolo paketebi ufro rTul struqturebSi. 
Tumca bunebrivia davuSvaT, rom saboloo jamSi yovelTvis 
arseboben xelisSemSleli zemoqmedebebi, romlebic 
warmoiqmnebian erTmaneTisagan damoukideblad da gamomdinare 
aqedan, unda arsebobdnen erTmaneTisagan damoukidebeli 
SecdomaTa paketebi. xarvezis xasiaTis nela cvlilebis gamo 
xelisSemSleli zemoqmedeba SeiZleba iyos Zalian xangrZlivi da 
araerTgvarovani. amitom damoukidebeli Secdomebi 
erTmaneTisagan gansxvavdebian sigrZiTa da struqturiT. 
arsebobs `SecdomaTa paketi~-s cnebis mravali gansazRvreba. 
Cveulebriv pakets uwodeben SecdomaTa jgufs, romelSic 
calkeuli SecdomiT miRebuli elementebi daSorebulia 
erTmaneTisagan  araumetes r  sworad miRebuli elementisa. r  
ricxvs uwodeben damcav intervals, paketirebis intervals an 
paketwarmoqmnis kriteriums. damcavi intervalis sigrZes irCeven 
imis mixedviT, Tu rogoria konkretuli amocana. kerZod, 
xarvezdamcavi kodebis Tvisebebis gamosakvlevad r  intervali 
Tanazomadi unda iyos kodebis kombinaciis sigrZesTan. orobiT 
arxebSi xarvezebis moqmedebam SeiZleba migviyvanos Secdomebamde 
erTeulovani elementebis registraciis dros. Cveulebriv 
Secdomebs ganasxaveben maTi warmoqmnis bunebis mixedviT. 
sinqronizaciis Secdomebi (amovardna da CarTva araswori  
erTeulovani elementebisa) dakavSirebulia generatoruli 
aRWurvilobis arastabilurobasTan da sinqronizaciis 
darRvevasTan Zlieri xarvezebis periodSi. 
        
 
 1.6.1. მტყუნებები მონაცემთა გადაცემის არხებში 
 
mtyunebas uwodeben movlenas, romelic iwvevs monacemTa 
gadacemis traqtis funqciebis srul an nawilobriv Sewyvetas. 
mtyunebebi SeiZleba iyos uecari, romelic gamwveulia, 
magaliTad, kavSiris xazis meqanikuri dazianebiT 
energomomaragebis wyaroebiT, momsaxure personalis araswori 
moqmedebiT da TandaTanobiTi, romelic gamowveulia masalebisa 
da detalebis daZvelebiT.  
ganasxvaveben mdgrad da TviTlikviridirebad (droebiT) 
mtyunebebs. mdgradi mtyunebebis aRmosafxvrelad aucilebelia 
saremonto samuSaoebis Catareba. TviTlikvidirebadi mtyunebebi, 
rogorc wesi, gamowveulia gare da Siga wyaroebidan xarvezebis 
zemoqmedebiT, agreTve momsaxure personalis araswori 
moqmedebiT.  
iseT rTul sistemebSi, rogoricaa, monacemTa gadacemis 
traqti mtyunebebis gamomwvevi mizezebis didi raodenobisa da 
mravalferovnebis gamo, mdgradi mtyunebebis xangrZlivoba 
SeiZleba meryeobdes mniSvnelovnad. TviTlikvidirebad 
mtyunebebs, rogorc wesi, aqvT SedarebiT mcire xangrZlivoba. 
amrigad, monacemTa gadacemis traqtebSi mtyunebebi 
warmoiqmnebian drois SemTxveviT momentSi da aqvT sxvadasxva 
xangrZlivoba, amasTan am ukanasknelsac aqvs SemTxveviTi xasiaTi. 
monacemTa gadacemis traqtis saimedooba xasiaTdeba, rogorc 
traqtis SesaZlebloba uzrunvelyos garkveuli moculobis 
informaciis gadacema mocemuli sarwmunoobiT dadgenili drois 
monakveTSi e.i. garkveuli siCqariT. 
 
saimedoobis daqveiTeba SeiZleba moxdes, Tu normaluri 
sarwmunoobis gadacemis siCqare aRmoCndeba mocemulze dabali an 
normaluri siCqaris dros gadacemis sarwmunooba qveiTdeba 
dadgenilze dabla an gadacemis, rogorc siCqare, ise 
sarwmunooba, qveiTdeba mocemulze dabla.  
informaciis gadacemis siCqare Cveulebriv warmoadgens 
mudmiv sidides, romelic damokidebulia kavSiris arxis tipze da 
monacemTa gadacemis aparaturaze. normaluri muSaobis 
uzrunvelsayofad aucilebelia informaciis gadacemis siCqare 
SerCeul iqnas kavSiris arxebSi gadacemis saSualo siCqareze 
ufro naklebi, romelic ganpirobebulia arxis tipiT da 
monacemTa gadacemis aparaturiT. am siCqareebis tolobis 
SemTxvevaSi monacemTa gadacemis traqtiT informaciis gadacemis 
dros nebismieri, yvelaze mokle Sesvenebac ki gamoiwvevs 
mtyunebas e.i. adgili eqneba saimedoobis daqveiTebas [49, 85, 86]. 
ganvixiloT meore SemTxveva. mocemuli siCqaris dros 
gadacemis sarwmunooba ganisazRvreba kavSiris arxis tipiT da 
monacemTa gadacemis aparaturiT. Tu saWiro sarwmunoeba 
naklebia an toli arxis sarwmunoobaze, maSin informacia 
gadaecema sarwmunoebis amaRlebis gareSe da mocemuli SemTxveva 
daemTxveva zemoT ganxilul SemTxvevas, rodesac saimedooba 
klebulobs mxolod gadacemis siCqaris dauSvebeli Semcirebis 
xarjze. Tu ki saWiro sarwmunooba metia diskretuli arxis 
realur sarwmunoebaze, maSin moiTxoveba misi amaRleba. amas 
SeiZleba mivaRwioT Warbi kodirebis gamoyenebiT, romlis 
saSualebiTac SeiZleba aRmovaCinoT da koreqcia gavukeToT 
Secdomebs, magram es  dakavSirebulia gadasacemi informaciis 
danakargTan. e.i. misi moculobis gazrdasTan, rac Tavis mxriv 
aqveiTebs diskretuli informaciis gadacemis efeqtur siCqares. 
imisaTvis, rom SevinarCunoT uwindeli mwarmoebluroba, 
moiTxoveba gadacemis siCqaris amaRleba. xolo, radgan efeqturi 
siCqaris sidide, rogorc wesi, winaswar mocemulia, amitom Warbi 
 
kodirebisas mcirdeba Sesvenebebis dasaSvebi dro, rasac agreTve 
mivyavarT saimedoobis daqveiTebamde. 
mesame SemTxveva warmoadgens wina ori SemTxvevis 
erTobliobas: saimedoobis daqveiTeba, saboloo jamSi 
ganpirobebulia gadacemis siCqaris mocemuli sazRvrebis 
daqveiTebiT.  
amrigad, mtyunebis kriteriums warmoadgens gadacemis 
siCqaris Semcireba, rac ufro naTlad vlindeba monacemTa 
gadacemis `tempian~ sistemebSi, sadac informaciis daZveleba 
mtyunebis tolfasia.  
monacemTa gadacemis traqti Sedgeba ori ZiriTadi 
nawilisagan: monacemTa gadacemis aparaturisagan (mga) da 
kavSiris arxebisagan. gamomdinare aqedan, traqtis mtyunebaTa 
nakadi SeiZleba ganvixiloT, rogorc mga-s da kavSiris arxebis 
mtyunebaTa nakadebis kompozicia. radgan diskretuli 
informaciis gadacemis dros Secdomebi xSirad warmoiqmneba 
kavSiris arxebSi, vidre monacemTa gadacemis qselis sxva ubnebSi, 
amitom Semdgomi miznebisaTvis mizanSewonilia aq SemovifargloT 
kavSiris arxebis saimedoobis mxolod literaturaSi [7, 47, 49]
  cnobili masalis moyvaniT. 
monacemTa gadacemisaTvis gamoyenebuli kavSiris arxebis 
sigrZe meryeobs ramodenime kilometridan mraval aTas 
kilometramde. gansakuTrebiT rTulia saqalaqTaSoriso kavSiris 
arxebi, romlebic moicaven gadamcemi xazis grZel ubnebs da 
didi raodenobis Sualedur aparaturas, romlebic 
ganTavsebulia aTasobiT kilometrebis sirgZeze. 
Tanamedrove kavSiris magistralebis avtomatizaciis maRali 
xarisxis miuxedavad, maTi uwyveti saeqspluatacio mzadyofna 
uzrunvelyofilia momsaxure personalis didi ricxviT. amitom 
saimedoobis gaTvlisaTvis gamoiyeneba masalebi, romlebic 
miRebulia specialuri gazomvebis saSualebiT arxebSi 
 
mtyunebaTa Sesaxeb mopovebuli monacemTa statistikuri 
damuSavebis safuZvelze an eqspluataciis gamocdilebis 
ganzogadebis safuZvelze [50, 70, 85, 86] . 
statistikuri monacemebis analizma aCvena, rom mtyunebebi 
satelefono arxebSi, romlebic warmoqmnilia kavSiris sakabelo 
magistralebSi, sxvadasxva mizezebis gamo iyofa sam jgufad: 1- 
xangrZlivi, 2-saSualo xangrZlibvobis, 3-xanmokle. 
xangrZlivi mtyunebebis gamomwvev mizezebs warmoadgenen 
kabelisa da stacionaluri mowyobilobebis dazianebebi. aseTi 
mtyunebebi grZeldebian ramodenime aTeuli wuTidan ramodenime 
saaTamde.  
saSualo xangrZlivobis mtyunebebi – ramodenime wamidan 5-10 
wuTamde, rogorc wesi, warmoiqmnebian sadguris mowyobilobis 
(aRWurvilobis) gaumarTavobis dros.  
xanmokle mtyunebebi warmoiqmnebian Weqa-quxilis muxtebis 
gavleniT, eleqtroficirebuli rkinigzebiT, aparaturaSi cudi 
kontaqtebis arsebobiT da a.S. rogorc wesi, xanmokle mtyunebaTa 
es saxe gacilebiT mravalmricxovania. maTi ricxvi warmoadgens 
mtyunebaTa saerTo raodenobis daaxloebiT 80-90%-s.  
 
 
 
1.6.2 სიჭარბე, როგორც საიმედოობის  
ამაღლების საშუალება 
 
teqnikuri sistemebi, romlebic Tavis SemadgenlobaSi 
Seicaven arasaimedo mowyobilobebs, rogorc wesi, moiTxoven 
damatebiT saSualebebs saimedoobis maRali donis SenarCunebis 
 
mizniT. Cveulebriv es saSualebebi dakavSirebulia sxvadasxva 
saxis siWarbis gamoyenebasTan.  
siWarbe – es aris damatebiTi saSualebebi da 
SesaZleblobebi minimalurad aucilebelis zeviT, sistemis mier 
teqnikuri pirobebiT mocemuli funqciebis Sesasruleblad. 
siWarbis SemoRebis mizania sistemis elementebSi mtyunebis 
warmoqmnis Semdeg sistemis normaluri funqcionirebis 
uzrunvelyofa. ganasxaveben struqturul (aparaturul), 
informaciul da droiT rezervirebas, romlebic Tavis mxriv 
iyofian mraval nairsaxeobad. 
struqturuli rezervireba iTvaliswinebs damatebiTi 
elementebis gamoyenebas. idea mdgomareobs imaSi, rom sistemis 
minimalurad aucilebel variantSi ZiriTad elementebTan erTad 
gamoyenebulia damatebiTi elementebi, zogjer ki erTi sistemis 
nacvlad gaTvaliswinebulia ramdenime identuri sistemis 
gamoyeneba. magaliTad, iseT teqnikur sistemebSi, rogoricaa 
monacemTa gadacemis arxi, rodesac erTi satelefono arxiT 
Seqmnili monacemTa gadacemis traqtis (mgt) saimedooba 
aRmoCndeba arasakmarisi, mas amaRleben mgt-Si axali elementebis 
damatebiT, romelTac unari SeswevT Seasrulon ZiriTadi 
elementebis funqciebi maTi mtyunebis SemTxvevaSi. 
marezervirebel elementad SeiZleba arCeul iqnas, rogorc 
calkeuli bloki, kvanZi an mga mTlianad, aseve kavSiris arxis 
Sualeduri monakveTi an mTeli arxi da bolos mgt mTlianad. am 
SemTxvevaSi rezervirebis ama Tu im meTodis SerCeva unda moxdes 
teqnikuri sistemis calkeuli monakveTebis saimedoobis 
gaTvaliswinebiT, teqnikur - ekonomikuri TvalsazrisiT 
optimaluri variantebis moZebnis gziT [63, 72, 73]. 
Tanamedrove teqnikur sistemebSi ZiriTadad gamoiyeneba 
avtomaturi gadamrTvelebi, radgan mtyunebis aRmoCena da 
 
rezervis xeliT CarTva moiTxovs imden dros, rom rezervireba 
kargavs Tavis azrs.  
im SemTxvevaSi, rodesac avtomaturi gadarTvac ki ver 
uzrunveyofs saimedoobis mocemul moTxovnebs, gamoiyeneba 
mudmivi rezervireba. 
rezervirebis ama Tu im meTodis SerCeva Cveulebriv xdeba 
ekonomiuri mosazrebidan gamomdinare. bolos SevniSnoT, rom 
mgt-s yvelaze naklebad saimedo nawils, rogorc wesi, 
warmoadgens kavSiris arxebi. maTi aucilebeli saimedooba 
miiRweva damatebiTi sarezervo arxebis gamoyenebiT. 
 
1.6.3   ინფორმაციული რეზერვირება 
 
   informaciuli rezervireba farTod gamoiyeneba teqnikur 
sistemebSi, romelic iTvaliswinebs Warbi informaciis 
gamoyenebas. mis umartives magaliTs warmoadgens monacemTa 
gadacemis qselebSi ereTi da igive Setyobinebis mravaljeradi 
gadacema kavSiris arxiT. garda amisa, monacemTa gadacemis 
sistemebSi gamoiyeneba informaciis Warbi kodireba. kerZod, 
gamoiyeneba TviTkoreqtirebadi kodebi, romelTa saSualebiTac 
xdeba monacemTa gadacemis aparaturis mtyunebis Sedegad 
warmoSobili Secdomebis aRmoCena da gasworeba. amasTan, 
monacemTa gadacemis sistemis normaluri funqcionireba, ar 
irRveva. Warbi kodirebis ZiriTad amocanas warmoadgens 
SecdomaTa aRmoCena da gasworeba diskretuli arxis 
gamosasvlelze.  
ufro zogadi saxiT `informaciuli siWarbis~ cneba 
formulirebuli iyo a. xarkeviCis [75] mier. informaciuli 
siWarbis arsebobis erTaderTi pirobaa raime alfavitis 
 
akrZaluli sityvebis arseboba, romlebic ar aris gamoyenebuli 
informaciis wyaros mier. es piroba SeiZleba Sesruldes 
Sesamowmebeli orobiTi simboloebis damatebiT, rac Tavis mxriv 
iwvevs gadasacemi monacemebis dagrZelebas. magaliTad, monacemTa 
gadacemis umravles arxebSi arsebuli SecdomaTa paketebis 
sigrZe zogjer aseuli orobiTi simboloa. maTi gasworebisaTvis 
saWiro iqneboda kodebi, romelTa koduri kombinaciis sigrZe 
izomeba aTasobiT TanrigiT, risi realizebac teqnikurad 
rTulia. amitom monacemTa gadacemis arsebuli sistemebis 
umravlesobaSi saimedoobis amaRleba dafuZnebulia Secdomebis 
aRmoCenaze da ganmeorebiT gadacemaze. SecdomaTa aRmosaCenad 
ZiriTadad  gamoiyeneba ori tipis kodebi: cikluri da 
matriculi, rac ganpirobebulia kodirebisa da dekodirebis 
aparaturuli an  programuli realizaciis simartiviT.  
 
1.6.4. დროითი რეზერვირება 
 
didi xnis ganmavlobaSi struqturuli (aparaturuli) reze-
rvireba iTvleboda universalur meTodad, romelic info-
rmaciul siWarbesTan erTad saSualebas iZleoda arasaimedo 
elementebisagan Seqmniliyo sando sistemebi [41, 52, 53, 82]. aseTi 
Sexeduleba dominirebda 60-ian wlebamde, eyrdnoboda ra mraval 
cnobil mecnierTa avtoritets. (j. fon neimani, k. Senoni da sxva). 
teqnikis ganviTarebisa da gamoyenebuli sistemebis garTu-
lebis Semdgom etapebze aRmoCnda, rom aparaturuli realiza-
ciisas es meTodebi ar arian unaklo. mizezs, upirveles yovlisa, 
warmoadgens mtyunebaTa ramodenime tipis arseboba, kontrolisa 
da diagnostikis araidealuroba, agreTve rezervebis gada-
mrTvelis arasaimedooba, datvirTvis gadanawileba calkeuli 
elementebis mtyunebis dros da a.S. amitom specialistTa 
yuradReba mimarTulia droiTi rezervirebisaken [4, 5, 6, 9, 82, 83].  
 
siWarbis es saxe bolo dros sargeblobs gansakuTrebuli 
popularobiT. drois rezervi SeiZleba daixarjos ara marto 
mwyobridan gamosuli aparaturis aRdgenaze da aparaturuli 
rezervis gadarTvaze, aramed mtyunebaTa aRmoCenaze, mtyunebiT 
gaufasurebuli samuSaoebis gameorebaze, teqnikuri maxasi-
aTeblebis aRdgenaze an qmediTunarian mdgomareobaSi myofi 
sistemis CatvirTvis molodinze. 
arsebobs droiTi rezervirebis mravali wyaro. pirvel rigSi 
is SeiZleba Seiqmnas davalebis Sesrulebis aucilebeli drois 
gazrdis xarjze. meore ZiriTad wyaros warmoadgens mwarmoeblu-
robis maragi, romelic saSualebas iZleva SevamciroT davalebis 
Sesrulebis minimaluri dro. mwarmoeblurobis maragi SeiZleba 
Seiqmnas sistemis elementebis swrafmoqmedebis gazrdiT an 
dabali mwarmoeblurobis mqone ramodenime mowyobilobis erT 
kompleqsSi gaerTianebiT. 
droiTi rezervis wyarod SeiZleba agreTve gamoyenebuli 
iqnas funqcionaluri inerciuloba. mravali teqnikuri sistemis 
muSaobaSi daSvebulia umniSvnelo Sesvenebebi funqcionirebis 
xarisxis dakargvis gareSe. isini SeiZleba gamoyenebuli iqnas, 
kerZod mtyunebis aRmofxvrisaTvis aparaturuli rezervis 
CarTvis gziT. zogierT SemTxvevaSi dasaSvebi Sesveneba aRwevs 
mniSvnelovan sidides da am droSi SesaZlebelia ara marto 
rezervis CarTva, aramed, saremonto samuSaoebis Catarebac. 
gansakuTrebiT aRsaniSnavia is rom, umetes SemTxvevaSi 
gansazRvruli xarisxiT funqcionirebisaTvis saWiro drois 
rezervs floben TviT sistemebi damatebiTi saSualebebis gareSe. 
 droiTi rezervirebis Rirsebebi Semdegia [5, 11, 12, 18, 29]: 
1) sistemis saimedoobis maCveneblebis gaumjobeseba xSirad 
ar aris dakavSirebuli aparaturis raodenobis gazrdasTan da 
damatebiTi saxsrebis daxarjvasTan, aramed dafuZnebulia 
sistemaSi arsebuli drois rezervis gamoyenebaze, an mis Seqmnaze. 
 
Warbi dro SeiZleba wamoiSvas magaliTad, a) monacemTa paketis 
(Setyobinebis) gadacemisaTvis saWiro minimalurad aucilebeli 
drois gazrdis xarjze; b) warmoeblulobis maragis xarjze, 
romelic SeiZleba Seiqmnas monacemTa gadacemis siCqaris 
gazrdiT. 
2) drois rezervis gaTvaliswineba saSualebas gvaZlevs 
avsaxoT WeSmariti saimedooba e.i. ufro obieqturad Sevafasod 
normaluri funqcionirebis SesaZlebloba sxvadasxva 
madestabilizirebeli faqtorebis urTierTmoqmedebis pirobebSi.  
sistemebi drois rezervirebiT xasiaTdebian garkveuli 
specifikuri StrixebiT, romelTa mocema aucilebelia sistemis 
mtyunebis kriteriumis sworad formulirebisaTvis, saimedoobis 
maCveneblebis da maTi Sefasebis meTodebis SerCevisaTvis. 
 
1.7. დასმული პრობლემის გამოკვლევის მეთოდები 
 
teqnikuri sistemebis gamokvlevisa da proeqtirebisaTvis, 
rogorc wesi, gamoiyeneba analizuri da imitaciuri modelirebis 
meTodebi, agreTve realuri eqperimentebi. TiToeuls miTiTebuli 
meTodebidan aqvs Tavisi, rogorc dadebiTi, ise uaryofiTi 
mxareebi da aqvs Tavisi upiratesi gamoyenebis sferoebi.  
kerZod, imitaciuri modelirebisas gamokvleva mimdinareobs 
realuri obieqtis programuli aslis saSualebiT, rac ueWvelad 
mis did Rirsebas warmoadgens. Tumca, rac ufro detaluria 
imitaciuri modeli da amdenad ufro axlosaa realurTan, miT 
ufro rTulia misi damuSaveba da gamarTva. Tu amas davumatebT 
Sefasebebis miRebis did Sromatevadobas, gasagebi gaxdeba 
imitaciuri modelirebis mravali problema [1]. imitaciuri 
modelirebis gziT miRebul Sedegebs yovelTvis aqvT kerZo 
 
xasiaTi da moklebulni arian  TvalsaCinoebas. garda amisa, 
modelirebis cdomileba damokidebulia sawyisi monacemebis 
mniSvnelobebze. rac Seexeba eqsperimentul gamokvlevas, romelic 
meTodurad yvelaze martivia, realizaciisaTvis saWiroebs 
specialur sacdel centrebs. amrigad, Sedegebis sarwmunooba da 
maTi interpretaciis simartive, sakmaod Znelad miiRweva. 
CamoTvlilTagan meTodurad yvelaze ufro rTulia 
analizuri modelireba, romelsac miekuTvneba mocemul naSromSi 
warmodgenili Sedegebi. analizuri modelirebis da realuri 
obieqtebis adekvaturoba yovelTvis eWvs iwvevs. miuxedavad amisa, 
im SemTxvevebSi, rodesac analizuri modelis miaxloeba obieqti-
sadmi iTvleba misaRebad, uzrunvelyofilia analizis iseTi 
siRrme da sisrule, romelic sxva meTodebiT miiRweva mxolod 
didi moculobis imitaciuri modelirebisa da eqsperimentebis 
CatarebiT.  
zemoT Tqmulidan SeiZleba davaskvnaT, rom Zalian xSirad, 
teqnikur sistemebSi mimdinare procesebis gamokvlevisas yvelaze 
misaRebi xerxia analizuri midgoma. igi uzrunvelyofs 
procesebis ukeTesad aRqmas. naSromSi dasmuli amocanebis 
gadasawyvetad gamoyenebulia analizuri meTodi - 
naxevradmarkovuli procesebi. mokled SevCerdeT mis aRweraze. 
 
პირველი თავის დასკვნა  
 
literaturul wyaroebSi moyvanili qselebis modelebis 
efeqturi struqturebis gansazRvris analizis safuZvelze dadge-
nili iqna, rom  arsebuli modelebi agebulia daSvebebze, rom-
lebic yovelTvis ar Seesabamebian qselebis muSaobis realur 
pirobebs. xSirad es maTematikuri modelebi ar iTvaliswineben 
informaciis miReba-gadacemis Taviseburebebs.  
 
erT-erT ganmsazRvreli piroba, romelic iZleva garantias, 
rom realuri sistemebis kvlevis Sedegebi iqneba obieqturi, 
warmoadgens misi koreqtuli maTematikuri modelis Seqmna. 
rTuli teqnikuri sistemebis funqcionireba, rogorc wesi, 
mimdinareobs maTze madestabilizirebeli faqtorebis uwyveti 
zemoqmedebis pirobebSi, rac iwvevs maT mtyunebebs da Sefer-
xebebs. am faqtorebis, maT Soris teqnikuri da teqnologiuri 
saSualebebis mtyuneba-mdgradobis, saimedoobis da sarwmunoobis 
Sefasebis da uzrunvelyofis meTodebis damuSaveba warmoadgens 
Tanamedrove samecniero kvlevis wamyvan mimarTulebas.  
mocemul TavSi mimoxilulia maRali saimedoobis da 
mtyunebebis mimarT mdgradi teqnikuri sistemebi. ganxilulia 
maTi maTematikuri modelebis SerCevisa da dafuZnebis sakiTxebi. 
sistemaSi davalebaTa Semosvlis da mtyunebebis aRZvris proce-
sebis SemTxveviTi xasiaTidan gamomdinare maTematikur modelad 
arCeulia naxevradmarkovuli procesebi. arsebuli masalebis 
Seswavlis safuZvelze Catarebulia teqnikuri sistemebis saime-
doobis da mtyuneba-mdgradobis gazrdis sxvadasxva meTodebis da 
saSualebebis SedarebiTi analizi. am analizis Sedegebis safu-
Zvelze gakeTebulia daskvna, rom struqturuli da droiTi reze-
rvireba warmoadgens yvelaze efeqtur meTods. rogorc cnobilia, 
rezervirebis es ukanaskneli tipi ar aris dakavSirebuli saxsre-
bis mniSvnelovan xarjebTan. amasTan erTad, gansazRvrulia efe-
qturobis kriteriumebi. dasabuTebulia albaTobaTa ganawilebis 
zogierTi kanonebis gamoyenebis SesaZlebloba, rogorc uecari, 
aseve TandaTanobiTi mtyunebebis maTematikuri modelebis saxiT. 
dasaxuli miznis misaRwevad saWiroa damuSavdes maTe-
matikuri modelebi, romelTa daxmarebiT gansazRvruli unda 
iqnas qselis  gamtarunarianobisa da saimedoobis optimaluri 
mniSvnelobebi, ganisazRvros Setyobinebis Cabarebis realuri 
dro. 
 
  თავი 2. ინფო-კომუნიკაციური ქსელების რაციონალური 
სტრუქტურების მოდელების დამუშავება და 
ანალიზი 
 
aRniSnuli Tavis ZiriTadi amocanaa saWiro analizuri masalis 
SerCva, sainformacio qselebis struqturebis analizisa da sinTezis 
problemebis gadawyvetisaTvis. amasTan ZiriTadi yuradReba unda 
mieqces gamoyenebuli meTodebisa da maTematikuri modelebis dadebiT 
da uaryofiT mxareebs, rac saSualebas mogvcems davgegmoT kvlevebis 
programa axali modelebis dasamuSaveblad an gavaumjobesoT ukve 
arsebuli modelebi gaTvlebis sizustis amaRlebis mizniT, aseve 
davamuSaoT qselis efeqturi struqturis agebis meTodika. amas garda 
aRniSnul TavSi moyvanili modelebi da meTodebi saSualebas mogvcems 
SevamciroT Semdgomi kvlevis Catareba.  
 
2.1. მოდელი ქსელის გამტარუნარიანობის გათვლისათვის არხის 
ღირებულების მის გამტარუნარიანობაზე წრფივი და 
არაწრფივი დამოკიდებულებების შემთხვევაში 
 
CavTvaloT, rom arxis gamtarunarianobis mniSvneloba SeiZleba 
amorCeuli iqnes misi SesaZlo arauaryofiTi mniSvnelobebis uwyveti 
diapazonidan. gamtarunarianobis SesaZlo mniSvnelobebis diskretuli 
xasiaTi SeiZleba gaTvaliswinebuli iqnes Sesabamisi damrgvalebiT 
uaxloes diskretul mniSvnelobamde, rac asaxuli iqneba qselis 
racionaluri struqturis proeqtirebis meTodikaSi.   
saWiroa aRiniSnos, rom qselis mocemuli topologiis dros 
winaswar cnobili nakadebiT }{ i  gamtarunarianobis SerCevis 
problemis nebismieri sarealizacio gadawyveta unda iyos iseTi, rom 
–ur arxs hqondes iseTi gamtarunarianoba, romelic akmayofilebs i
 
Semdeg utolobas iiC   [36]. sadac i _ mocemuli –uri arxis 
datvirTva (bitebis saSualo ricxvi wamSi, romelic gadis am arxSi).  
i
dauSvaT qselis arendis Rirebulebis damokidebulebas mis 
gamtarunarianobasTan aqvs saxe: 
iiii CdCd )(  
aq  _ Rirebulebaa –uri arxisaTvis erTeulovan gamtar-
unarianobaze angariSiT. 
id i
saWiroa avRniSnoT, rom  koeficienti SeiZleba damokidebuli 
iyos arxis romelime sxva maxasiaTeblebzec (kerZod, arxis saxeobaze, 
sigrZeze, saimedoobaze da sxva), magram igi wrfivad unda iyos 
damokidebuli mis gamtarunarianobaze. 
id
aRniSnuli SemTxvevisaTvis, Rirebuleba _ gamtarunarianobis 
funqciis wrfivi damokidebuleba, arxis gamtarunarianobis optimaluri 
nakrebis miRebis dros gamoiyeneba lagranJis ganusazRvreli 
mamravlebis meTodi qselSi im Setyobinebebis saSualo Seyovnebebis 
minimizaciis mizniT, romelic gansazRvrulia (2.7) gamosaxulebiT. 
aRniSnul sadisertacio naSromSi damtkicebulia Semdegi Teorema: 
arxuli tevadobebis  ganawileba -uri arxisaTvis iC i N  -
arxebiani qselSi, romelic axdens T –s minimizirebas  
SezRudvis dros, moiZebneba formuliT:  


 N
i
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1
D


 N
j
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i
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     (2.1) 
Setyobinebis qselSi Cabarebis saSualo dro: 
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
         (2.2) 
sadac  _ egreTwodebuli dasamatebeli Rirebulebaa: eD
 



N
i
ii
e
dDD
1 

         (2.3) 
D  _ qselis mocemuli sruli Rirebulebaa; n  - qselSi 
gzis saSualo sigrZea, e.i. qselis arxebis saSualo ricxvia, romelic 
gadis Setyobineba wyarodan adresatamde. 
ganawilebas  , romelsac pouloben (2.1)-s daxmarebiT, uwodeben 
gamtarunarianobis SerCevas “kvadratuli fesvis” wesiT. 
gamtarunarianobis aseTi nakrebis dros TiToeul arxs eqneba 
minimaluri saWiro gamtarunarianoba, toli 
iC
i  da amas garda, raRac 
damatebiTi gamtarunarianoba. i –uri arxis minimaluri 
gamtarunarianobis Rirebuleba tolia  iid . aviRebT ra am sidideTa 
jams yvela i –uri arxebis mixedviT, miviRebT qselis srul minimalur 
Rirebulebas. 
saWiroa gansakuTrebiT xazi gausvaT imas, rom qselis sruli 
Rirebuleba meti unda iyos am jamze, Tu ki saWiroa miviRoT saboloo 
saSualo Seyovneba dasaproeqtebel qselSi. sxvaoba srul 
Rirebulebasa da minimalur dasaSveb Rirebulebas Soris tolia -si 
da mocemulia formuliT (2.3). rogorc gamomdinareobs (2.1) 
formulidan, es dasamatebeli Rirebuleba jer normirdeba 
saRirebulebo  koeficientis daxmarebiT, xolo Semdeg ganawildeba 
yvela arxebze trafikis awonili 
eD
id
iid  trafikidan kvadratuli fesvis 
proporciulad. 
sidides -s akisria metad saWiro roli.  –is dros 
Setyobinebis saSualo Seyovneba ganusazRvrelad izrdeba (ixile 2.4). 
Tu  , maSin gamtarunarianobis SerCevis amocanas aqvs saboloo 
sarealizacio gadawyveta (e.i. 
eD 0eD
0eD
T ). es piroba warmoadgens sistemis 
stacionalurobis (mdgradobis) pirobas. 
Tumca qselis arendis Rirebulebasa da gamtarunarianobas Soris 
proporciuli damokidebuleba ar warmoadgens mTlad realurs (arxis 
 
Rirebuleba arawrfivadaa damokidebuli kavSiris arxis mTavar 
parametrebze: gamtarunarianobaze, saarendo xazebis tipze, maTi 
momsaxureobis Rirebulebaze, xazebis sigrZeze da a.S.), igi 
uzrunvelyofs pirvel miaxloebaSi sruliad misaReb arxebis 
gamtarunarianobis SerCevas sainformacio qselebSi. es midgoma 
saSualebas iZleva Sefasdes, rogori iqnebian Seyovnebebi qselSi 
SerCeuli  mniSvnelobebze damokidebulebiT iC DC   saerTo 
gamtarunarianobis dros, aseve martivad ganisazRvros qselis 
struqturebis cvlilebebis gavlena da SeirCes Setyobinebebis 
gadacemis strategia. 
avRniSnoT “kvadratuli fesvis” wesiT gamtarunarianobis 
ganawilebis arsebiTi nakli. naklebad datvirTul xazebs T  
minimizaciis dros Seesabameba gamtarunarianobis mcire mniSvneloba 
Zlierad datvirTulTan SedarebiT. amgvarad, mcire nakadiani 
momxmareblebi “jarimdebian” im momxmareblebis sasargeblod, 
romlebic axdenen SetyobinebaTa didi nakadis generirebas. aRniSnuli 
naklis aRmofxvra SesaZlebelia funqciaTa arawrfivobis gaTva-
liswinebiT. mogvianebiT naSromebSi l. kleinrokma monaxa amocanis 
gadawyveta  funqciis wrfivi Rirebulebis ufro zogadi 
SemTxveviT, roca minimizirdeboda Setyobinebis Cabarebis dro, 
gansazRvruli gamosaxulebiT: 
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aseTi funqcia mizanSewonilia im SemTxvevaSi, roca 
momxmareblisTvis arasasurvelia mniSvnelovani diferenciacia rogorc 
kavSiris arxebis gamtarunarianobisa, ise am arxebiT Setyobinebis 
Cabarebis droisa, e. i. saWiroa gvqondes kavSiris arxebi TiTqmis 
erTnairi gamtarunarianobiTa da maTSi Setyobinebis gadacemis 
droebiT. 
1K  minimizaciis proceduris Sedegad sxvaoba iT -s Soris 
Semcirdeba. am SemTxvevisaTvis  i _is dros miRebulia optimaluri 
gamtarunarianobebis axali krebuli, romelic gaTvlilia formuliT: 
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    (2.4) 
amasTan qselSi Setyobinebebis Cabarebis saSualo drosTvis 
gamosaxulebas eqneba saxe: 
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avRniSnoT, rom 1K _is dros es gamosaxulebebi daiyvaneba adre 
miRebul formulebze (2.1) da (2.2), sadac kriteriums warmoadgens 
Seyovnebis saSualo dro. 2K _is dros Seyovnebis 
saSualo_kvadratuli drois, xolo K _is dros viRebT e. w. 
minimaqsur kriteriums, romlis drosac yvela iT  aRmoCndebian tolebi, 
xolo sidide T  izrdeba mxolod umniSvnelod K _s gazrdasTan 
erTad. amgvarad aRwerili modelis gamoyeneba saSualebas iZleva rom, 
momxmareblebi Cayenebuli iyvnen erTnair pirbebSi maT mier 
generirebuli trafikis sididisagan damoukidebliv. 10  K _is dros 
qselSi Setyobinebis Cabarebis dro  icvleba mniSvnelovnad 
metad, vidre 
)(KT
 K1 _s SemTxvevisaTvis da gansxvaveba iT _ebs Soris 
izrdeba arsebiTad, rac Cans Semdegi damokidebulebidan: 
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  (2.7)             
saWiroa avRniSnoT, rom 0k –isa da   i
i
-is SemTxvevaSi da  
-is dros gamtarunarianobebi pirdapir proporciulni arian 
Sesabamis arxebSi trafikebis intensiurobisa 
1id
 . gamtarunarianobebis 
aseT krebuls ewodeba gamtarunarianobebis proporciuli krebuli. 
 
ufro sainteresos warmoadgens is rezultati, rom T  sidides aqvs 
erTi da igive mniSvneloba zemoT ganxilul or eqstremumebSi 
(  ;0k ), vinaidan (2.6) da (2.7) formulebi identuria. amasTan 
gamtarunarianobebis krebulebi mniSvnelovnad gansxvavdebian. 
arsebobs gamtarunarianobebis ganawilebis kidev erTi saxe, ro-
melsac ewodeba qselis gamtarunarianobis Tanabari ganawileba. aseTi 
ganawilebis dros mTliani jamuri gamtarunarianoba iyofa yvela arxs 
Soris erTnairad. aseTi Tanabari ganawileba mniSvnelovnad amcirebs 
Seyovnebebis dros sustad datvirTuli xazebisaTvis da Sesabamisad 
zrdis dros im  momxmareblisaTvis, romlebic qmnian did datvirTvas. 
gamtarunarianobis proporciuli SerCevis wesi, piriqiT zrdis iT  
utolobas ufro metad, vidre gamtarunarianobis SerCevis wesi 
“kvadratuli fesvis” proporciulad SeyovnebaTa saSualo drois 
erTdrouli gazrdis dros. amgvarad, kavSiris arxebis 
gamtarunarianobebis ganawilebis ganxiluli sxvadasxva wesebidan erTi 
da igive Rirebulebis dros (anda saerTo gamtarunarianobis dros) 
qselSi Seyovnebis umciresi dro T  gansazRvravs “kvadratuli fesvis” 
wess, raoden metia es mniSvneloba proporciuli ganawilebis 
wesisaTvis, kidev raoden gazrdas iZleva sidide , xolo 
maqsimaluri sidide 
)( kT ()
T  miiReba erTi da igive pirobebis dros 
gamtarunarianobebis Tanabari ganawilebisaTvis. 
rogorc ukve naxsenebi iqna “kvadratuli fesvis” wesiT 
gamtarunarianobis SerCevis ZiriTad dadebiT mxares warmoadgens 
zusti maTematikuri formulis miReba, xolo nakls ki _ kavSiris 
arxebis gamtarunarianobis Rirebulebis wrfivi damokidebulebis 
daSveba, vinaidan sinamdvileSi varaudi proporciul damokidebulebaze 
kavSiris arxisa da gamtarunarianobis Rirebulebas Soris ar aris 
swori. Tumca rogorc zemoT aRvniSneT es midgoma saSualebas iZleva 
pirvel miaxloebaSi SevafasoT kavSiris arxebis gamtarunarianobisa da 
qselSi Seyovnebebis droebis sidideebi, martivad ganvsazRvroT qselSi 
struqturis cvlilebebis gavlena da SevarCioT Setyobinebebis esa Tu 
is strategia. 
 
ganvsazRvroT igive amocanis arsebuli gadawyveta  
funqciis arawrfivi damokidebulebebis dros. 
)( ii Cd
logariTmuli Rirebulebrivi funqciis gamokvlevis dros: 



N
1i
ii ClogdD             (2.8) 
damtkicebuli iyo, rom gamtarunarianobebis SerCevis amocanis 
gadawyveta Seesabameba zemoT aRweril gamtarunarianobebis 
proporcionalur ganawilebas qselSi arxebs Soris. Tumca, SemdgomSi 
[74, 71] napovni iqna, rom gadawyveta xarisxobrivi Rirebulebrivi 
funqciisaTvis iZleva ukeTes Sesabamisobas uwyveti aproqsimaciisa 
namdvil diskretul simravlesTan, kavSiris zrdasTan erTad e.w. 
“sabiTumo gaiafebis” arsebobis gamo [36].  
xarisxobrivi Rirebulebrivi funqciisaTvis, romlis saxea: 

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gadawyveta –saTvis moiZebneba gantolebebidan: iC
0CgC 2)1(ii
i
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  (2.10)   sadac 
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  _ lagranJis ganusazRvreli mamravli, romelic saWiroa 
SeirCes ise, rom sruldebodes SezRudva (2.9). 
gantolebebi –saTvis SeiZleba amoixsnas nebismieri iteraciuli 
algoriTmis daxmarebiT. ARPANET qselisaTvis am gamoTvlebma aCvenes 
[71], rom qselSi saSualo Seyovnebebis sidide mciredaa damokidebuli 
iC
  parametrze, amitom araa rekomendirebuli amoixsnas Zneli 
arawrfivi gantolebebi (2.10), xolo aucilebelia gamoyenebuli iqnes 
miaxloebiTi gadawyveta, romelic Seesabameba Rirebulebis wrfiv 
damokidebulebas gamtarunarianobasTan ( =1). 
Tumca Tu uars vityviT uwyvet aproqsimaciaze da vawarmoebT 
kavSiris arxebis gamtarunarianobebis SerCevas diskretuli 
Rirebulebebis mcire simravlidan, maSin saWiroa gamoviyenoT 
 
dinamiuri programirebis meTodebi. es meTodi dawvrilebiT 
gamokvleulia [71] samuSaoSi. miuxedavad amisa saWiroa avRniSnoT, 
gamoviyenebT ra uwyveti optimizaciis moyvanili meTodebisa da raime 
iteraciuli meTodebis Serwymas, SeiZleba ganvaxorcieloT kavSiris 
arxebis gamtarunarianobebis SerCeva gamtarunarianobebis diskretuli 
simravlidan. magaliTad, SeiZleba gamoyenebuli iqnes Semdegi 
procedura [73]. gvaqvs ra qselis struqtura ukve SerCeuli 
gamtarunarianobebiT SeiZleba SevecadoT movaxdinoT 
gamtarunarianobebis am krebulis “optimizacia”. amisaTvis saWiroa 
gamoiTvalos qselSi arsebuli Seyovneba (2.1) da (2.2) formulebis da 
misi jamuri Rirebulebis daxmarebiT. Semdeg, fiqsirdeba ra es 
Rirebuleba, saWiroa gamoiTvalos gamtarunarianobis optimaluri 
krebuli “kvadratuli fesvis” wesiT da Semcirdes arsebuli Seyovneba 
cvalebadi gamtarunarianobebis dros. SevirCevT ra 
gamtarunarianobebis miRebuli krebulidan arxs misi udidesi 
mniSvnelobiT, sawyis gamtarunarianobas vadidebT uaxloes optimalur 
diskretul mniSvnelobamde. es gazrdis qselis sawyis Rirebulebas, 
samagierod Seamcirebs saSualo Seyovnebas. Semdeg gavimeorebT 
aRweril proceduras sawyisi T  da -s ukve axali mniSvne-
lobebisaTvis. msgavsi midgoma sasargebloa qselebis praqtikuli 
proeqtirebis dros. aseTi saxis procedurebi, romlebSic optimizaciis 
analitikuri meTodebi gvkarnaxoben sxvadasxva praqtikuli amocanebis 
gadawyvetis gaumjobesebis mimarTulebas, romelTa gadawyvetac 
SeuZlebelia analizurad, Zalze sasargebloa nebismieri qselebis 
proeqtirebis praqtikisaTvis.  
D
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zemoT moyvanili maTematikuri modelebi agebuli iqnen im vara-
udiT, rom qselSi cirkulireben sigrZeebis mixedviT erTnairi 
(saSualod) SetyobinebaTa nakadebi. Tumca, rogorc es Cans sakvlevi 
obieqtisa da gamoyenebuli protokolebis aRwerebidan, qselSi 
gadaecema informaciis sxvadasxva saxis nakadebi (TviT monacemebi, 
 
miRebuli informaciis dasturis cnobebi da sxva samomsaxureo Setyo-
binebebi), romlebic gansxvavdebian erTmaneTisagan ara marto 
daniSnulebiT, aramed Setyobinebebis an paketebis sigrZeebiT. zemoT 
ganxiluli modelebi ar iTvaliswineben SetyobinebaTa nakadebis 
mraval saxesxvaobebs, amitom maT ar SeuZliaT adeqvaturad asaxon qse-
lSi mimdinare parocesebi, rac jamSi gavlenas axdenen qselis 
maxasiaTeblebis sizusteze. 
qselis momxmareblebs yvelaze xSirad ainteresebs: SeuZlia Tu 
ara qsels uzrunvelyos maTi informaciis Cabareba saWiro droSi da 
rogori iqneba amasTan Sesaqmneli qselis Rirebuleba, aqedan 
gamomdinare ki informaciis Cabarebis Rirebuleba. aqedan warmoiqneba 
qselis iseTi struqturis SerCevis maTematikuri modelebis Seqmnis 
problema, romlis Seqmnis Rirebuleba Setyobinebebis Cabarebis droze 
SezRudvebis dros warmoadgens SesaZlo minimalurs da amasTan 
gaTvaliswinebuli iqneba qselSi cirkulirebuli Setybinebebis 
nakadebis saxesxvaobac.  
amocanis dasmis dros saWiroa SeirCes qselis topologia da 
kavSiris arxebis gamtarunarianoba, romelTa drosac uzrunvelyofili 
iqneba Semdegi pirobebi: 
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   (2.12) 
sadac _SemkveTis an momxmareblis mier mocemul qselSi 
Setyobinebis (paketis) Cabarebis saSualo droa.  
Cab.T
aq qselis topologia ganisazRvreba grafebis Teoriis modelebis 
saxiT, xolo ZiriTadi problema mdgomareobs imaSi, rom ganisazRvros 
 sididis damokidebuleba qselSi cirkulirebuli sxvadasxva 
nakadebis maxasiaTeblebze, kavSiris arxebis saimedoobaze da sxva 
faqtorebze, romlebic gavlenas axdenen qselis efeqturobaze. gveqneba 
ra aseTi damokidebuleba da gvecodineba SezRudvis is sidide, 
romelic exeba Setyobinebis Cabarebis  dros, SeiZleba vipovoT 
saZiebo kavSiris arxis gamtarunarianoba, maTi saWiro saimedooba da 
qselis struqturis sxva maxasiaTeblebi, romlebic uzrunvelyofen 
iT
Cab.T
 
(2.11) da (2.12) pirobebs. amaSi mdgomareobs qselis racionaluri 
struqturis SerCevis amocanis gdawyvetis kompleqsuri midgomis arsi. 
warmovidgineT, ra kavSiris arxs masobrivi momsaxureobis erT-
arxiani sistemiT, romelzec miewodeba sxvadasxva puasonuri nakadebis 
simravle, gansxvavebuli erTmaneTisagan Setyobinebebis sigrZeebis 
saSualo mniSvnelobiT da ganawilebuli eqsponencialurad, miRebuli 
iqna Semdegi saangariSo gamosaxuleba: 
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sadac 
l
llll   _ _uri arxis datvirTva SetyobinebaTa i
l _uri nakadiT, romelTa saSualo sigrZe tolia )(cl ; l _ l _uri 
nakadis Setyobinebebis momsaxureobebis intensioba; _ _uri 
arxis jamuri datvirTva SetyobinebaTa yvela nakadebiT; 
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SetyobinebaTa sxvadasxva (araerTgvarovani) nakadebis raodenobaa, 
xolo _ jamuri nakadis intensioba kavSiris i _ur arxSi. 
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(2.20)_Si pirveli wevri warmoadgens i _ur arxSi Setyobinebebis 
gadacemis Seyovnebebis saSualo dros, xolo meore _ K  nakadebis 
mqone Setyobinebebis momsaxureobis saSualo dros. 
l. kleinrokisa da sxva avtorTa modelebSi mxedvelobaSi ar 
miiReboda nakadebis araerTgvarovneba, mxolod gamoiyeneboda 
momsaxureobis saSualo drois gasaSualebuli mniSvneloba ii 1    
yvela im k _nakadebiT, romlebic cirkulireben _ur arxSi. i
[67]_Si naCvenebia, rom aseTi gasaSualeba iwvevs Secdomebs  iw  
rigSi lodinis saSualo drois gaTvlaSi, romlebic damokidebulia 
 
l _damokidebulebebze da ori araerTgvarovani nakadebisaTvis 
ganisazRvreba gamosaxulebiT: 
2
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A
A 
       (2.14) 
sadac 1 , 2 _Sesabamisad SetyobinebaTa pirveli da meore na-
kadis momsaxureobis intensiobaa; 
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
 A  _ koeficienti, romlis 
mniSvneloba damokidebulia nakadebiT gansxvavebuli arxis datvirTve-
bis mniSvnelobaze. 
(2.14)_is analizi gviCvenebs, rom Secdomis sidides   SeuZlia 
miaRwios arsebiT mniSvnelobebs. ase magaliTad, TiTeuli nakadiT 
datvirTvis dros, romelic tolia 0,49 da (2.1) formulis daxmarebiT 
gamoTvlili rigSi lodinis saSualo drois damokidebuleba 
,1021    iqneba samjer Semcirebuli realurTan SedarebiT. xolo 
T _s aseTi Semcireba ki myisve aisaxeba kavSiris arxebis 
gamtarunarianobis gaTvlebis sizusteze.  
aRvniSnoT, rom ori nakadi warmoadgens araerTgvarovans, Tu maTi 
Setyobinebebis saSualo mniSvnelobaTa sxvaoba aRemateba 30%_s. 
amgvarad, moyvanili masala saSualebas iZleva ganvixiloT mi-
Rebuli damokidebulebebi, romlebic saWiroa qselis racionaluri 
struqturis angariSSi. aseT damokidebulebebs miekuTvneba formulebi 
qselis kavSiris arxebis efeqturi saimedoobisa da gamtarunarianobis 
SefasebisaTvis. 
 
2.2.1. ქსელის საჭირო საიმედოობის განსაზღვრა და ეფექტური 
გამტარუნარიანობის შეფასება 
 
danaxarjebi, qselis struqturis Seqmnaze, mniSvnelovnadaa 
damokidebuli kavSiris arxebis saimedoobaze. Tumca aqamde jer kidev 
 
ar arsebobs literaturaSi aparaturis Rirebulebis damokidebuleba 
mis saimedoobasTan rac arTulebs qselebis paroeqtirebis amocanis 
gadawyvetas. amitom kavSiris TiToeuli arxisaTvis saWiro saimedoobis 
gansazRvra warmoadgens aqtualur amocanas. 
rogorc cnobilia saimedoobis maxasiaTeblebs miekuTvneba: 
mzadyofnis koeficienti, umtyuno muSaobis albaToba, muSaobis sa-
Sualo xangrZlioba mtyunebamde, qmediTunarianobis aRdgenis dro, 
gaCerebul mdgomareobaSi yofnis saSualo dro, muSaobis saSualo 
xangrZlioba SekeTebamde da sxva. saimedoobis maxasiaTeblebis mTeli 
simravlidan sainJinro praqtikaSi yvelaze xSirad gamoiyeneba 
mzadyofnis koeficienti  romelic aerTianebs Tavis TavSi TviT 
aparaturisa da misi eqspluataciis xarisxobriv maCveneblebs. 
mzadyofnis koeficienti axasiaTebs aparaturis umtyuno muSaobis 
albaTobas drois nebismier momentSi. muSaobis stacionaruli 
reJimisaTvis eqsponencialurad _ ganawilebul intervalebSi 
mtyunebebsa da SekeTebis droebs Soris igi ganisazRvreba 
gamosaxulebiT: 
,Km
aR
aR
aRdu.m
u.m
m 

 mttt
t
K     (2.15)   
sadac mt1t u.m  _ aparaturis umtyuno muSaobis saSualo droa; 
mt _ mtyunebaTa intensioba; aRdt _ aRdgenis (mtyunebis aRmofxvris) 
saSualo dro; aRdaR t1  _ mtyunebaTa aRmofxvris intensioba.  
cxadia, Tu napovnia erTi arxis mzadyofnis koeficientis saWiro 
mniSvneloba , maSin SeiZleba vipovoT informaciis gadacemis 
traqtisa (gzisa)  da mTliani qselis mzadyofnis koeficientis 
saWiro mniSvnelobac. e.i.: 
iKm
mtK



L
1i
iKK mmt        (2.16) 
sadac L  _ traqtSi arxebis ricxvia. 
 
ZiriTadi siZnele mdgomareobda gangvesazRvra _is saWiro 
mniSvnelobis damokidebuleba nakadebis maxasiaTeblebze, romlebic 
uyeneben moTxovnebs qsels, radganac zogad SemTxvevaSi mzadyofnis 
koeficienti xasiaTdeba aparaturis an sistemis mxolod Sinagani 
TvisebebiT da araa dakavSirebuli Setyobinebebis an paketebis 
nakadebTan. 
iKm
am problemis gadasawyvetad kavSiris arxi warmodgenilia rogorc 
masobrivi momsaxureobis sistema, romelzec miewodeba araerTgvarovani 
nakadebi. erT_erT aseT moTxovnas momsaxureobaze warmoadgens 
mtyunebaTa nakadi. es ukanaskneli unda flobdes absolutur 
prioritets, vinaidan mtyunebebs mivyavarT 2iw  rigSi Setyobinebebis 
(paketebis) lodinis drois gazrdisaken, amitom _is gansazRvrisaTvis 
viyenebdiT Semdeg gamosaxulebas: 
iKm



 )1(1
1w
11
1
2
o
o
i2 



       (2.17) 
sadac 1  _ masobrivi momsaxureobis sistemis CatvirTvaa mtyune-
baTa nakadiT (kavSiris i _uri arxisaTvis); o  _ Setyobinebebis 
(paketebis) nakadiTa da mtyunebaTa nakadiT kavSiris _uri arxis 
jamuri datvirTvaa, romelic mocemuli SemTxvevisaTvis ganisazRvreba 
tolobiT 
i
21  o ; 222    _ kavSiris _uri arxis CatvirTvaa 
SetyobinebaTa nakadiT, romlis sigrZea 
i
2  da nakadis intensioba _ 
2 . 
Zneli araa vaCvenoT, rom 1  CatvirTvis mzadyofnis  
koeficientTan urTierTkavSiri ganisazRvreba gamosaxulebiT:  
iKm
i1 K1 m          (2.18) 
(2.18)_is (2.17)_Si Casmisa da (2.17)_is i _uri arxisaTvis lodinis 
drois saWiro mniSvnelobasTan  gatolebis Semdeg, romelic 
Tavis mxriv ganisazRvreba, rogorc: 
)( 3iw
 
23i iTw  Cab       (2.19) 
napovni iqna gamosaxuleba mzadyofnis koeficientis saWiro 
mniSvnelobisaTvis : Т
i
K
m
i
2
11Т
T2
T4AA
K b
i
Cab
Cab
m
        (2.20) 
sadac, i221 TA b Cab  . 
amasTan unda SevniSnT, rom muSaobis stacionaruli reJimi 
SeiZleba uzrunvelyofili iqnes mxolod Semdegi aucilebeli 
pirobebis dacvis dros: 
i
T
wiз
Cab
2    (2.21)   sadac   2iK m    
amaTgan erT_erTi pirobis daucvelobac ki iwvevs rigis swraf 
zrdas (usasrulobamde) e. i. im Setyobinebebis rigisa, romlebic 
elodebian TavianT gadacemebs _uri arxiT, rac bunebrivia arRvevs 
kavSiris arxis muSaobas. 
i
SetyobinebaTa ramodenime nakadis gasaTvaliswineblad, romlebic 
gadasacemia kavSiris -uri arxiT, (2.20)_Si unda CavsvaT i 2 _is 
mniSvneloba, xolo 2 _is mniSvneloba ki gamovTvaloT kavSiris 
_uri arxis yvela araerTgvarovani nakadebis intensiobebis 
gaTvaliswinebiT. 
i
(2.20) gamosaxulebas qselis struqturis gaTvlaSi aqvs udidesi 
mniSvneloba, radganac igi saSualebas iZleva napovni iqnes kavSiris is 
damatebiTi sarezervo arxebis raodenoba, romlebic aucilebelia 
_is uzrunvelsayofad.  iKmt
qselis efeqturi gamtarunarianobis Sefasebis paroblema miekuTvneba 
erT_erT yvelaze rTul paroblemas ganawilebuli qselis struqturis 
dros. aq ganxiluli gamtarunarianobis Sefaseba $2.1_Si moyvanil Sefa-
sebisagan gansxvavdeba imiT, rom aq mxedvelobaSi miiReba kavSiris arxiT 
 
gadasacemi araerTgvarovani nakadebis simravle. amasTan saWiroa moxdes 
kavSiris arxebze danaxarjebis minimizacia, romlebic gansazRvrulia 
maTi gamtarunarianobebiT. 
qselis agebis problemebis gadawyvetis aseTi kompleqsuri mid-
gomid
1) cnobilia kavSiris TiToeul arxze puasonuri araerTgvarovani 
an gamomdinare, amocanis formulireba, daiyvaneba Semdegze: 
nakadebis maxasiaTeblebi, e. i. cnobilia simravle {
ii ll  , }, ( ,,1 Kl   
);,1 Ni   
2) swarmoebs arxebis gamtarunarianobebis varireba (cvlileba); 
mier-
ano-
m amocanis gadasawyvetad gamoyenebuli iqna (2.13) formula Sem-
degi 
3) SemoRebulia SezRudva, romlis Tanaxmadac i _ur arxze 
Tebuli abonentTa TiToeuli wyvilisaTvis dayovnebis saSualo dro ar 
unda aRematebodes am arxisaTvis mocemul mniSvnelobas TCab ; 
4) minimizirdeba danaxarjebi ganawilebuli qselis gamtarunari
i
baze. 
a
SeniSvnebis gaTvaliswinebiT. arxebiT informaciis gadacema 
swarmoebs Setyobinebebis an paketebis daxmarebiT, romelTa sigrZe 
izomeba bitebSi. formulaSi (2.13) Setyobinebebis sigrZeebi izomeba 
wamebSi. es sigrZeebi damokidebulia informaciis gadacemis siCqareze, 
e. i. iC _ur gamtarunarianobaze. zogad SemTxvevaSi es damokidebuleba 
gamoisaxeba Semdegi TanafardobiT: 
i
)(
i)(
i C
 w   (2.22) 
sadac 
)(
i
w _Setyobinebebis saSualo sigrZe (wm_Si); )(i   _ Setyo-
binebis s alo si
kavSiris arxis optimaluri gamtarunarianobis gansazRvrisaTvis 
saWir
aSu grZe (bitebSi); C  _ kavSiris arxis gamtarunarianoba. i
oa (2.22) CavsvaT (2.13) formulaSi da misi mniSvneloba gavutoloT 
mocemul arxze SemoRebul SezRudvas TCab  maSin SeiZleba CavweroT: i
 
 
ii
)(
i
K
1l
)(
lii
K
1l
2
l
C
)C(C
T
)(
l
i 


 









Cab        (2.23) 
sadac,  )(l)(i l   _ -uri arxis jamuri datvirTva araerTgva-
rovani nakadebiT, romelic izomeba biti/wm_Si.  
i
(2.23) gantolebis amoxsna _is mimarT gvaZlevs saboloo 
gamosaxulebas qselis i _uri arxis optimaluri gamtarunarianobis 
gansazRvrisaTvis, romelsac aqvs Semdegi saxe: 
iC
S2
nS4bbC
2
i
opt.      (2.24) 
sadac   )(li li )1T(b  Cab ,  iTS i Cab  , 
        2
K
1l
)(
l
K
1l
2)(
li )()(n ll 

   . 
gamosaxuleba (2.24) axasiaTebs arxis minimalur aucilebel 
gamtarunarianobas, aqedan gamomdinare ki _ minimalur mis Rirebu-
lebasac gamtarunarianobaze damokidebulebiT, romlis drosac 
daculia piroba 
ii
TT CabCab  . es gamosaxuleba mizanSewonilia 
gamoyenebuli iqnes arxebis gamtarunarianobebis saangariSod, roca 
saimedoobis TvalsazrisiT qselis struqtura Seesabameba mzadyofnis 
saWiro koeficients. 
 
2.3. მათემატიკური მოდელების დამუშავება ქსელის  
გამტარუნარიაობის გათვლისათვის 
 
aRniSnul paragrafSi SevecadoT davamuSaoT qselis arxebis 
gamtarunarianobis gamosaTvleli maTematikuri modelebi qselis 
 
struqturis minimaluri Rirebulebisa da CabCab TT   dros 
momsaxureobis drois ganawilebis nebismieri kanonebisaTvis. 
Cvens mier ganxiluli iyo modelebi arxebis gamtarunarianobis 
gaTvlisaTvis im daSvebis dros, roca gadasacem SetyobinebaTa 
sigrZeebi emorCilebian ganawilebis eqsponencialur kanonebs da 
maTi momsaxureobis disciplina realizdeba garkveuli rigis 
mixedviT. garkveul interess warmoadgens aseve arxebis gamtar-
unarianobebis Sefasebis modeli maTi SezRuduli da cnobili 
saimedoobis dros. cxadia es amocana dasawyisSi gadawyvetili 
unda iqnes im daSvebebiT rom SetyobinebaTa nakadebisa da aRdgenis 
droebs aqvT ganawilebis eqsponencialuri kanoni, rac 
aucilebelia im modelebis SedarebiTi analizisaTvis, romlebic 
emorCilebian ganawilebis nebismier kanons. 
zogad SemTxvevaSi ganawilebis kanonebi arseboben Zalian bevri 
da mizanSeuwonelia qselis ama Tu im maxasiaTeblis Sesafaseblad 
TiToeuli maTganisaTvis agebuli iqnes sakuTari modeli. unda 
SevniSnoT, rom ganawilebis kanonebi SeiZleba daxasiaTebuli iqnen 
variaciis koeficientis mniSvnelobiT, romelic eqsponencialuri 
kanonisaTvis tolia erTis, regularulisTvis _ 0-is, normalurisaTvis 
_ 0.5-is sazRvrebSi da a.S. amas garda praqtikaSi saeWvoa, rom TiToeul 
SemTxvevaSi gansazRvruli iqnes ganawilebis kanoni. ukeTes 
SemTxvevaSi, Tu ar CavTvliT maTematikur molodins, vipoviT sakvlevi 
sididis dispersias, e.i. vipoviT variaciis koeficientis mniSvnelobas. 
es sakmarisia qselis struqturis yvela maxasiaTeblis Sesafaseblad. 
amas garda variaciis koeficientis mniSvneloba saSualebas mogvcems 
CavataroT SedarebiTi analizi ganawilebis kanonebis gavlenisa 
sakvlev procesebze. 
absoluturad saimedo kavSiris arxebis dros, qselis i –uri arxis 
gamtarunarianobis optimaluri sididis gansazRvrisaTvis 
polaCek-xinCinis formulas arxze Setyobinebis dayovnebis droisaTvis 
eqneba saxe: 
opt
iC  
 
   
ii
)(
i
K
1i
)(i
lii
K
1l
2
l
2)(
l
i
C
CC2
K1
T 


 






 





      (2.25) 
sadac  _ variaciis koeficientia, romelic tolia saSualo-
kvadratuli gadaxris fardobisa 
lK
l –uri araerTgvarovani nakadis 
Setyobinebis sigrZis maTematikur molodinTan. (danarCeni aRniSvnebi 
Seesabamebian (2.24) formulaSi Semavali sidideebis aRniSvnebs). -is 
mimarT am gantolebis amoxsnas warmoadgens Semdegi gamosaxuleba: 
iTCab
S
nSbbCi 

2
22opt
   (2.26) 
sadac      
  




 
K
1l
2K
1l
)(
ll
2
l
2)(
lli 2K1n
  ;     
        .   iiK
1l
)(
llii TS          ;1Tb CabCab  

 
(2.26) formulis analizi gviCvenebs, rom –is dros igi 
sruliad identuria (2.26) gamosaxulebis, e.i. zogadi SemTxveva 
daiyvaneba kerZoze. 
1lK
0Kl  –is dros gamosaxuleba (2.26) saSualebas 
iZleva gaTvlili iqnes kavSiris arxis gamtarunarianoba arxSi 
gadasacemi araerTgvarovani nakadebisaTvis, romlebsac gaaCniaT 
SetyobinebaTa mudmivi sigrZeebi. 
kavSiris arxebis gamtarunarianobebis SerCevisa da maTi 
saimedoobis amocanebi aqamde wydeboda cal-calke, erTmaneTisagan 
damoukideblad. kavSiris arxebis gamtarunarianobis SerCevisas 
iTvleboda, rom arxebi absoluturad saimedoni arian da amasTan ukve 
gaaCniaT saimedoobis saWiro mniSvnelobebi. Tumca Tu Tavisi fizikuri 
SinaarsiT gavafarTovebT gamtarunarianobis cnebas da mas warmovidgenT 
kavSiris arxSi ara rogorc marto eleqtruli signalebis siCqares, 
aramed mis gasaSualebul SesaZleblobas gadasces informaciis 
garkveuli raodenoba raRac drois erTeulSi, maSin praqtika gviCvenebs, 
 
rom arxebis dazianeba anda aparaturis calkeuli mtyunebebi iwveven 
qselis realuri gamtarunarianobis mniSvnelovan daqveiTebas, 
mocdenebis gamo uwesivrobebis aRmofxvraze, drois danakargebis gamo, 
kavSiris seansebis aRdgenis aucileblobisas, ukve adre gadacemuli 
paketebis xelaxla gameorebis gamo da a.S. amitom orive amocanis 
erTdroulad gadawyveta xdeba metad aqtualuri.  
amasTan saWiroa ganisazRvros qselis gamtarunarianobis 
mniSvnelobebi, romlebic uzrunvelyofen mis funqcionirebas 
momxmareblamde informaciis Cabarebis mocemuli droiT muSaobis 
stacionalur reJimSi kavSiris arxebis SezRuduli saimedoobisas, e.i. 
Semdegi pirobebis dacvis dros: 
1
1
1


K
l il
l
C

       (2.27) 
sadac 1K   _ arxSi sainformacio da samomsaxureo nakadebis 
raodenobaa.  
(2.27)-dan Cans, rom ganixileba masobrivi momsaxureobis sistema 
araerTgvarovani nakadebiT, romelTagan erT-erTi warmoadgens 
mtyunebaTa nakads. amasTan saWiroa mtyunebaTa nakadiT sistemis 
datvirTva gamoixatos kavSiris arxis saimedoobiT, romelsac 
davaxasiaTebT mzadyofnis  koeficientiT. 
i
Km
CatvirTvis urTierTkavSiri mzadyofnis koeficientTan aRiwereba 
damokidebulebiT: 
i
K1 mmty         (2.28) 
mty  _ kavSiris arxis datvirTvaa mtyunebaTa nakadiT. 
analizis gamartivebisaTvis vivaraudoT, rom momsaxureobis di-
sciplina samarTliania yvela nakadebisaTvis. rogorc SemdegSi 
iqneba naCvenebi aseT daSvebas mivyavarT umniSvnelo cdomilebe-
bisaken qselis struqturis maxasiaTeblebis gaTvlebSi. 
 
saangariSo damokidebulebebis misaRebad visargebloT (2.13) fo-
rmuliT Semotanili aRniSvnebis, modelis gansakuTrebulobebisa da 
 mniSvnelobebis gaTvaliswinebiT. martivi gardaqmnebis Semdeg 
gvaqvs: 
i
TCab
   
  ii
i
i
1K
1l
)(
ll
b
2
i
1K
1l
2)(
ll
i
C
K1C1
tK1C
T
i
i
















m
m
      (2.29) 
sadac  _ sainformacio da samomsaxureo Setyobine-
bebis nakadebiT i -uri arxis jamuri datvirTvaa bit/wm-Si, 


 1
1
)(K
l
lli

i  _ -ur 
arxSi gadasacemi sainformacio da samomsaxureo Setyobinebebis 
jamuri intensivoba; 
i
bt  _ mtyunebis aRmofxvris saSualo dro. 
kidev erTxel avRniSnoT, rom gansxvaveba aq ganxilul 
modelebsa da wina modelebs Soris mdgomareobs imaSi, rom 
rigSi lodinis droSi calke SesakrebiT gamoyofilia dro, rome-
lic ganpirobebulia sainformacio da samomsaxureo Setyo-
binebebis gaCereba (e.i. droSi mocda) i –ur arxSi warmoqmnili 
mtyunebebis aRmofxvris gamo.  Tumca am pirobiT xerxs gaaCnia im 
procesebis zusti fizikuri dasabuTeba, romlebic warmoiqmneba 
arxSi Setyobinebebis gadacemis dros. 
amovxsniT ra (2.29)  –is mimarT, gvaqvs: 
i
TCab
B2
EB4AAC
i
i
2
i 
 opt      (2.30) 
sadac ;KT)K1(tB     );TK(A
iiiii bii mCabmCabm    
        2i1K
1j
2)(
lliE  



 . 
 
gavaanalizoT (2.30) iTiT Cab -is dros gantolebis (2.29) fesvebis 
dasaSvebi mniSvnelobebis gansazRvris mizniT. 
upirveles yovlisa avRniSnoT, rom 0B  , e.i.: 
0KT)K1(t
iiib  mCabm   an  
i
i
i
i Tt
T
1
Tt
tK
bb
b
Cab
Cab
Cab
m     (2.31) 
raTa gavceT pasuxi rogori unda iyos mzadyofnis koeficienti 
(meti an naklebi (2.31) formulis marjvena nawilze), ganvixiloT 
ori SemTxveva: 
1. 0B . ganvixiloT (2.38) formulis yvela mdgenelis niSnebi. 
sidide E  yovelTvis dadebiTia, vinaidan  21
1
2)(
i
K
j
lli  




 . 
davamtkicoT es. davuSvaT (ganxilvis simartivisaTvis) gvaqvs 
Setyobinebebis mxolod ori araerTgvarovani nakadi parametre-
biT 2211 ,,    da  . maSin E –Tvis SeiZleba CavweroT: 
 
0
)(
2)(
2
)(
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2)(
22
)(
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2)(
22
2)(
1121
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i
1K
1j
2)(
lli


 


 

 











 
Tu 0E , maSin sidide EB 14  aseve metia nulis, amitom 
diskriminantis sidide moduliT naklebia A–ze. maSin 
0
B2
EB4AA
C
1
1
2
i 
 
opt , da  0
B2
EB4AA
C
1
1
2
i 
 
opt  
0B  an ar SeiZleba, rom 
i
i Tt
tK
b
b
Cab
m  . es ki niSnavs, rom 
2. 0B . gamosaxuleba E  rCeba dadebiTi, maSin roca 
04  1  EB  da diskriminantis sidide AEBA  12 4 . 
cxadia, rom 
 
0
B2
EB4AA
C
1
1
2
i 
 
opt ,  0
B2
EB4AA
C
1
1
2
i 
 
opt . 
maS ase, 0B _is dros gamtarunarianobis sidides aqvs dadebiTi 
mniSvneloba, romelic ganisazRvreba gamosaxulebiT (2.38). 
amisaTvis ki saWiroa, rom gamoyenebuli arxis mzadyofnis 
koeficienti (2.38) formulaSi iyos: 
i
i Tt
tK
b
b
Cab
m     (2.32) 
amgvarad, (2.30) formulis analizma gviCvena: imisaTvis, rom 
gamtarunarianobis sidide icvlebodes dasaSveb farglebSi, 
saWiroa, rom arxis mzadyofnis koeficientis mniSvneloba 
akmayofilebdes (2.32) utolobas. 
movaxdinoT miRebuli gamosaxulebis samarTlianobis Semowmeba 
–is gansazRvrisaTvis, romelic warmodgenilia (2.30) 
formuliT. amisaTvis SevadaroT igi wina models (2.24) 
gamosaxulebas arxis M/M/1 sistemiT formalizaciis dros. 
dauSvaT aparatura absoluturad saimedoa, maSin  da 
gamosaxuleba (2.30) daiyvaneba (2.24) formulaze. e.i. 
opt
iC
1K
i
m
.    ,   ;)1( nETBbATA
iiii
 CabCab e.i.      
vuwodoT mzadyofnis koeficientis im mniSvnelobas zRvruli an 
sasazRvro, romelic (2.32) utolobas gadaaqcevs tolobaSi, 
vinaidan -s am mniSvnelobis dros gamtarunarianoba iRebs 
usasrulod did mniSvnelobas, rac dauSvebelia. 
i
Km
ganvixiloT (2.32) utoloba da ganvagrZoT analizi -is 
cvlilebebis dasaSvebi sazRvrebis gansazRvrisaTvis. rogorc 
cnobilia monacemTa gadamcemi qselis stacionaluri muSaobi-
saTvis saWiroa, rom SetyobinebaTa jamuri nakadiTa da 
mtyunebebiT datvirTva - 
i
Km
0  iyos erTze naklebi, e.i. 110 K i  m  
 
an i0 Km , sadac 
i
)(
i
0 C
   _ qselis datvirTvaa sainformacio 
da samomsaxureo SetyobinebebiT. 
cxadia, mzadyofnis koeficientisaTvis dasaSvebi sazRvrebi 
ganisazRvreba: 
b
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Cab
    (2.33) 
vaanalizebT ra (2.33) utolobas, SeiZleba gakeTdes kidev erTi 
daskvna, romelic exeba kavSiris arxebis gamtarunarianobis 
dasaSveb mniSvnelobebs. CavsvaT (2.33) utolobis marcxena nawilSi 
mniSvneloba 0 -saTvis, maSin 
i
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. 
sadac oi  _ arxis datvirTvaa sainformacio da samomsaxureo 
nakadebiT (izomeba biti/wm-Si). 
kavSiris arxebis gamtarunarianobis gansazRvrisaTvis 
“kvadratuli fesvis” wesiT formulis gamoyvanis dros 
kleinrokma –saTvis qveda sazRvrad igulisxma sidide iC 0 . aq 
miRebuli modeli saSualebas iZleva davazustoT es mniSvneloba, 
vinaidan saimedoobis faqtori uyenebs gazrdil moTxovnebs 
kavSiris arxebis gamtarunarianobas. cxadia, utoloba (2.34) 
gansazRvravs gamtarunarianobis yvelaze minimalur dasaSveb 
mniSvnelobas –uri arxisa, romelsac gaaCnia  mzadyofnis 
koeficienti.  
i
i
Km
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monacemTa gadacemis traqtSi ganixileba ori saxis mtyunebebi: 
TandaTanobiTi (parametruli) da uecari. radgan TandaTanobiTi 
mtyunebebi vlindebian elementebisa da mowyobilobebis eqspluataciis 
procesSi maTi perioduli kontrolis dros (reglamentur 
samuSaoebSi), amitom ZiriTad gavlenas monacemTa gadacemis traqtis 
(mgt) saimedoobaze axdenen uecari mtyunebebi. monacemTa gadacemis 
sistemebi ekuTvnian aRdgenad sistemaTa klass. mgt-Si mtyunebebis 
aRmoCenis Semdeg mowyobiloba gadaecema aRdgenaze. aRdgenis dro 
damokidebulia kontrolis sistemaze, momsaxure personalis 
kvalifikaciaze sarezervo da saTadarigo mowyobilobebis arsebobaze 
da remontis sistemaze. 
mgt Sedgena ori ZiriTadi nawilisagan: kavSiris arxisagan (ka) da 
monacemTa gadacemis aparaturisagan (mga). statistikuri monacemebis 
analizma [81,82] uCvena, rom mtyunebebi ka-Si mizanSewonilia daiyos sam 
jgufad: xangrZlivi (ramdenime aTeuli wuTidan ramdenime saaTamde), 
saSualo xangrZlivobis (3-dan 30 wuTamde) da xanmokle (3 wuTze 
naklebi). 
xangrZlivi mtyunebebi warmoiSobian Zalian iSviaTad, kabelisa da 
sadguris mowyobilobebis dazaralebis Sedegad da maTTvis 
damaxasiaTebelia mocemuli magistralis yvela arxis mwyobridan 
gamosvla. saSualo xangrZlivobis mtyunebebi, rogorc wesi 
warmoiSobian sadguris mowyobilobebis calkeuli kvanZebis dazianebis 
Sedegad, agreTve teqnikuri personalis SecdomiTi moqmedebis Sedegad. 
yvelaze ufro mravalricxovania xanmokle mtyunebebi. umravles 
SemTxvevebSi (80%) isini warmoiSvebian aparaturis dazianebis (cudi 
kontaqtebi da a.S) an momsaxure personalis moqmedebis Sedegad. 20%-s 
Seadgens xanmokle mtyunebebi, romlebic gamowveulia impulsuri 
SeferxebebiT (xarvezebiT). rogorc wesi, xanmokle mtyunebebi 
TviTlikvidirebadia, Tumca rig SemTxvevebSi maTi aRmofxvrisaTvis 
saWiroa momsaxure personalis Careva. 
 
xanmokle mtyunebebi, romlebic gamowveulia SesvenebebiT arxis 
MmuSaobaSi da wredebSi impulsuri xarvezebiT, romlebic saerToa 
gadacemis yvela an zogierTi sistemisaTvis, mgt-is gaangariSebis dros 
iTvlebian korelirebulad. 
xelisSemSlel zemoqmedebaTa xangrZlivoba xSirad aRemateba 
erTeuli elementis (bitis) xangrZlivobas. amitom erTi zemoqmedeba 
gavlenas axdens erTeulovani elementebis mTel jgufze. cxadia, rom 
mocemuli erTeulovani elementis dazianebis pirobiTi albaToba, 
rodesac paketis SigniT dazianebulia winamdebare elementebi, Zalian 
didia. xelisSemSleli zemoqmedebebi SeiZleba iyos xangrZlivi da 
araerTgvarovani. amitom damoukideblad warmoSobili Secdomebi 
gansxvavdebian rogorc sigrZiT, aseve struqturiT. SecdomaTa nakadis 
gamokvlevam realur arxebSi uCvena, rom Secdomebi kavSiris arxebSi 
jgufdebian. 
SecdomaTa paketebi Zalian xSirad warmoiSvebian mowyobilobebis 
profilaqtikisas, xelsawyoTa komutaciis dros mocemul arxSi an 
mosazRvre arxebis denis wredebSi da a.S. yvela es SemTxvevebi 
xasiaTdebian SemTxveviTi dasawyisiT, SemTxveviTi xangrZlivobiT da 
xelisSemSleli faqtoris signalze zemoqmedebis xarisxis 
SemTxveviTobiT. 
am TavSi ganvixilavT xanmokle mtyunebebs: mdgrads da 
TviTlikvidirebads. 
kavSiris arxis saimedoobis analizis dros bunebrivia 
warmoiSveba programuli da aparaturuli saSualebebis algoriTmuli 
meTodebis damuSavebis amocana, romelic uzrunvelyofs saimedo 
urTierTkavSirs monacemTa gadacemis qselis abonentebs Soris.  
 
 
2.3.2. მათემატიკური მოდელები სხვადასხვა ხელისშემშლელი 
ფაქტორების გათვალისწინებით 
 
cifruli informaciis paketebis gadacema warmoadgens fizikuri 
donis umartives momsaxurebas. erT-erT aseT momsaxurebas warmoadgens 
kvanZebs Soris kadrebis gadacema, romlebic gaerTianebulia gadacemis 
arxebiT. kadrebis gadacemisas arxis done asrulebs or ZiriTad 
funqcias: pirveli - axdens mocemul formatSi kadris formirebas 
kvanZ-gamgzavnSi da amokrebs kadrebs kvanZ-mimRebSi; meore -  marTavs 
maT miwodebas. 
saimedo arxebSi paketebis utyuari gadacemisas kvanZebs SeuZliaT 
aRmoaCinon Secdomebi da gaasworon isini ganmeorebiTi gadacemis 
daxmarebiT. am SemTxvevaSi paketebis gadacemis siCqare damokidebulia 
ramdenime parametrze da qselis daproeqtebisas unda moxdes am 
parametrebis adaptireba gadacemis arxisaTvis. 
paketebis gadacemisas adgili aqvs SemTxveviT Secdomebs. qselSi 
arsebobs Secdomebis kontrolis Semdegi meqanizmi: Secdomebis 
gasworeba da Secdomebis aRmoCena ganmeorebiTi gadacemiT. am dros 
xorcieldeba Secdomis gasworeba, paketi Seicavs damaxinjebuli 
informaciis garkveul raodenobas, romelic warmoiqmna 
makoreqtirebeli kodiT imisaTvis, rom mimRebma SeZlos mcdari kadris 
gasworeba da dakarguli kadris aRdgena. Secdomis gasworebis 
gamoyeneba xdeba im SemTxvevaSi, roca SeuZlebelia mcdari kadris 
ganmeorebiTi gadacemis ganxorcieleba. kavSiris qselSi Secdomebis 
kontroli xdeba an yovel arxSi calkeulad, an saboloo kvanZebSi. 
 
2.3.3. პაკეტის ჩაბარების დროის განსაზღვრა კავშირის არხებზე 
წარმოქმნილი შეცდომების გავლენის დროს 
 
monacemebis gadacemis farTomasStabiani ganawilebuli qselebis 
Seqmnisas, saWiroa gadavwyvitoT problema, Tu rogor uzrunvelyoT 
 
qselis or nebismier abonents Soris dakavSireba. es problema 
dakavSirebulia urTierTqmedebis gawyvetis dros organizebasTan, 
dafuZnebuls programuli da aparaturuli saSualebebis Sesabamisi 
algoriTmuli meTodebis damuSavebaze, romlebic uzrunvelyofen 
arasaimedo saSualebebis saimedo urTierTkavSirs. aRniSnuli problema 
gadawydeba qselSi avtomaturi masivebis gamoyenebis sivrculi _ 
droiTi ganawilebis perspeqtiul meTodebze gadasvlis gziT, 
romelsac ewodeba monacemTa nakadebi.  
monacemTa gadacemis im kvanZebSi, sadac gamoiyeneba ganmeorebiTi 
gadacema, Secdomebi da monacemTa gadacemis marTvis procesebi, 
mniSvnelovnad amcireben gadacemis siCqares. amitom, gadacema unda 
moxdes, rac SeiZleba grZeli paketebis saSualebiT. es imitom, rom, am 
dros miRebuli wagrZeleba gamoiyeneba raTa moxdes monacemTa ufro 
meti gadacema. Tu paketi Zalian grZelia, ganmeorebiTi gadacemisaTvis 
gamoyenebuli dro xdeba Zalian didi. arsebobs paketis sigrZe, 
romelic optimaluria orive miTiTebuli faqtorisadmi. 
sasurvelia, ganxorcieldes monacemTa gadacemis maqsimalurad 
maRali SesaZlebeli siCqare. magram, rogorc ki aseTi siCqare miiRweva, 
Secdomebis sixSire mkveTrad imatebs. Tu Cven gamoviyenebT kods, 
romelic aRmoaCens faqtiurad yvela Secdomas, maSin SesaZlebelia 
moinaxos kompromisi gadacemis siCqaresa da gadasacemi paketis 
monacems Soris. SemdgomSi ganxilulia es kompromisi. ganvixiloT 
kavSiris arxi damaxinjebuli paketebis avtomaturi gameorebiT. 
vTqvaT kavSiris arxSi gamavali Setyobineba iyofa paketebad. 
gadacemis boloSi TiToeuli paketi mowmdeba mimRebis mier. gaumar-
Taobis aRmoCenis SemTxvevaSi, kavSiris arxi gadaecema aRdgenaze, ris 
Semdegac ganmeordeba paketis gadacema. saWiroa ganisazRvros: paketis 
gadacemis drois ganawilebis funqcia, misi saSualo mniSvneloba, 
Setyobinebis paketebad dayofis efeqturi mniSvneloba da gadacemis 
siCqare, romelic uzrunvelyofs kavSiris arxis maqsimalur 
mniSvnelobas (gamtarunarianobas). 
idealur pirobebSi paketis gadacemis droa:  
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sadac,  _ SetyobinebaSi sainformacio simboloebis ricxvia 
(bitebSi);  _ SetyobinebaSi paketebis ricxvia;  _ paketSi damxmare 
simboloebis ricxvia (biti), romelic gamoiyeneba monacemTa 
gadacemebisa da Secdomebis aRmosaCenad; C  _ monacemTa gadacemis 
siCqarea (bit/wm);  _ idealuri kavSiris SemTxvevaSi paketis 
gadacemis drois ganawilebis funqciaa 
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arxebis mtyunebaTa intensivobaa, romelic damokidebulia monacemTa 
gadacemis siCqareze;  _ paketis gadacemis sisworis kontrolis 
drois ganawilebis funqciaa 
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  (2.35) 
ganvmartoT, Tu rogoraa miRebuli (2.35) gamosaxuleba.  
pirveli wevri _ esaa albaToba imisa, rom: 1) paketis gadacema 
dasrulebulia droSi );u(df))t,0(u,duuu( p    2) u  drois 
ganmavlobaSi Secdomas _ ]u)c(exp[   ar eqneba adgili; 3) kontroli 
dasruldeba  _ze nakleb droSi. )ut( 
 
meore wevri _ esaa albaToba imisa, rom paketis gadacema 
dasruldeba droSi  );u(df))1,0(u,duuu( p   2) 
])u)c(exp[1( 
   ,d( 1 
 drois ganmavlobaSi moxdeba paketis damaxinjeba; 3) 
))ut,0(   droSi kontroli aRmoaCens paketis 
damaxinjebas 4) )),0(  ,(  22   ut
);
d
(dV
 droSi moxdeba paketis 
damaxinjebis aRmofxvra -   5) )ut(ut    droSi 
moxdeba paketis xelaxali gadacema. 
Tu gamoviyenebT laplasis gardaqmnas (2.51)_is mimarT, gveqneba: 
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sadac, / 0s)s(g aR  - mtyunebis aRmofxvris drois maTematikuri 
molodini; / 0s)s(V k  - uSecdomod gadacemuli paketis kontrolis 
drois maTematikuri molodinia. 
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 miiRebs umcires mniSvnelobas fiqsirebuli  dros. 
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Tu (2.55)-Si CavsvavT -s mniSvnelobas (2.54)-dan, miviRebT:  )c,n(T cr
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ganvixiloT SemTxveva, roca: 0   ;2m  aRk  . maSin (2.41)-is 
saSualebiT miviRebT: 
)nNN(nС dSopt        (2.42) 
toloba (2.54) miiRebs Semdeg saxes: 
0CN)nNN(nN 2  optSdSd       (2.43) 
Tu (2.43) gamosaxulebas CavsvavT (2.42)-Si, miviRebT:    dSopt N/NN 
da  dopt N2/1C  . Tu am optimalur gamosaxulebebs CavsvavT (2.38)-Si, 
miviRebT paketis Cabarebis optimalur dros . eNN4)C,N(T dSoptopt
S
r 
naxazebze 2.1 da 2.2 naCvenebia paketis gadacemis drois grafikebi 
Sesabamisad sibrtyeze da sivrceSi. aRniSnuli grafikebi agebulia  
 
cxrili 2.5-is safuZvelze. naxazebidan Cans, rom  optimalur 
mniSvnelobas miiRebs, rodesac n=900 da C=1600.       
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cxrili 2.1 
# n aR  k  SN  dN  C SrT  
1 300 10 1 100000 100 1000 9,905.72 
2 400 10 1 100000 100 1100 5,980.94 
3 500 10 1 100000 100 1200 4,574.78 
4 600 10 1 100000 100 1300 3,942.13 
5 700 10 1 100000 100 1400 3,638.50 
6 800 10 1 100000 100 1500 3,506.91 
7 900 10 1 100000 100 1600 3,480.04 
8 1000 10 1 100000 100 1700 3,525.19 
9 1100 10 1 100000 100 1800 3,625.27 
10 1200 10 1 100000 100 1900 3,771.04 
11 1300 10 1 100000 100 2000 3,957.60 
12 1400 10 1 100000 100 2100 4,182.66 
13 1500 10 1 100000 100 2200 4,445.60 
14 1600 10 1 100000 100 2300 4,747.02 
15 1700 10 1 100000 100 2400 5,088.40 
15 1800 10 1 100000 100 2500 5,471.94 
16 1900 10 1 100000 100 2600 5,900.49 
17 2000 10 1 100000 100 2700 6,377.50 
18 2100 10 1 100000 100 2800 6,906.97 
19 2200 10 1 100000 100 2900 7,493.51 
 
 
 
2.3.4. დავალების შესრულების დროის განსაზღვრა 
უწყვეტი კონტროლით 
 
amocanis dasma: vTqvaT, kompiuterze gadasawyveti amocana 
dayofilia  etapebad. TiToeuli etapis Sesrulebis dro warmoadgens 
damoukidebel SemTxveviT sidides, romelic ganawilebulia nebismieri 
 kanoniT. SeiZleba aRiZras ori saxis mtyuneba (xelisSemSleli 
faqtori) 
n
)(xF
  da   intensivobiT. pirveli saxis   mtyuneba 
warmoadgens mdgrads, xolo meore   saxis - TviTlikvidirebads. 
kompiuterSi gamoyenebulia specialuri kodi, romelic aRmoaCens ormag 
Secdomebs da koreqtirebas ukeTebs calkeul Secdomebs. aRmoCenis 
Semdeg warmoebs remonti. remontis dro warmoadgens SemTxveviT 
sidides, romelic ganawilebulia nebismieri  kanoniT. mdgradi 
xelisSemSleli faqtorebis aRZvris dros xdeba damaxinjebuli 
etapebis gadaTvla, xolo TviTlikvidirebadi xelisSemSleli 
faqtorebis aRZvris Semdeg gagrZeleba xdeba Sewyvetili adgilidan. 
moiTxoveba mocemul droSi amocanis gadawyvetis ganxorcielebadobis 
gansazRvra. 
)(uG
dasmuli amocanis gadasawyvetad ganvixiloT ),( xtj - albaToba 
imis, rom moTxovnaTa damuSaveba damTavrdeba t - ze nakleb droSi, im 
pirobiT, rom daiwyeba j  etapidan, roca misi x  nawili Sesrulebulia 
sworad (Secdomebis gareSe). ),( xtj  da  SeiZleba 
ganvsazRvroT Semdegi integraluri gantolebebidan:  
),()1( xtj
duuxutuxFeutuxFdext
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j
u
t
j
u
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sadac )(1)( uFuF  ;  
(2.44) gantoleba Sedgenilia Semdegi msjelobebis safuZvelze: 
pirveli Sesakrebi es aris albaToba imis, rom moTxovnaTa 
momsaxureba damTavrdeba   ( duuu   , ),0( tu ) drois momentSi da 
sistema gadava  etapze, Tu u  drois ganmavlobaSi ar warmoiSveba 
pirveli saxis mtyuneba. 
1j
meore Sesakrebi – albaToba imis, rom: 
1) paketis gadacema damTavrdeba   ,( duuu    )),0( t  
drois ganmavlobaSi; 
u
2) u  drois ganmavlobaSi aRZruli mdgradi xelisSemSleli 
faqtoris gamo xdeba paketis damaxinjeba - due u  ; 
3) sistema agrZelebs muSaobas erTi SecdomiT. 
(2.45) gantoleba Sedgenilia Semdegi msjelobis safuZvelze: 
pirveli Sesakrebi es aris albaToba imis, rom moTxovnaTa 
momsaxureba damTavrdeba   ( duuu   , tu ,0 )) droSi, u  drois 
ganmavlobaSi ar moxdeba mdgradi mtyuneba - . sistema agrZelebs 
muSaobas erTi SecdomiT da gadava 
ue 
1j  etapze.  
meore Sesakrebi- erToblivi albaToba imis, rom: 
1) ( duuu , ) drois intervalSi aRiZvreba pirveli saxis mtyuneba - 
due u  ; 
2) v  droSi likvidirebuli iqneba informaciis damaxinjebebis 
aRZvris mizezebi - )(1 vdG ; 
3) Setyobinebis gadacema damTavrdeba ( vut  ) – ze nakleb droSi, 
Tu is daiwyeba igive etapidan;  
mesame Sesakrebi –albaToba imis, rom: 
1) ( duuu , ) drois intervalSi moxdeba etapis damaxinjeba 
TviTlikvidirebadi xelisSemSleli faqtoris gamo - due u  ; 
2) v  drois ganmavlobaSi aRmofxvrili iqneba informaciis 
damaxinjebis aRZvris mizezebi - )(2 vdG ; 
 
3) amis Sedegad sistema gaagrZelebs muSaobas da informaciis 
gadacema damTavrdeba ( vut  ) – ze nakleb droSi. 
Tu SemovitanT aRniSvnebs  
 da (1.10)-sa da (1.11)-Si gadavalT laplasis 
gardaqmnaze, miviRebT: 
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(2.47) 
Tu, SemoviRebT aRniSvnebs, rom 
 ,     ,       ; 2,1)()(),(),(
00
     itdGesgdtxtexs istijstj   
da (2.46) da (2.47) formulebs gadavamravlebT Sesabamisad   
da  miviRebT: 
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gavawarmovoT (2.48) da (2.49) gantolebebis orive mxare  x -iT, ris 
Semdegac miviRebT mudmivkoeficientebian diferencialur gantolebaTa 
Semdeg sistemas: 
               0),(),()(),( )1(  xsxssxs jjj          (2.50) 
    0),()()0,()(),()(),( 21
)1()1(  xssgssgxssxs jjjj   (2.51) 
amasTan 
; (  ;    ;      ; (1)
s
st
s
st jjjj
1),1),(1),(1),( )1(     
(2.50) da (2.51) gantolebaTa sistema Seicavs oTx gantolebas oTxi 
ucnobiT. maTi amoxsniT miviRebT: 
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sadac: 
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viciT, ra  SegviZlia ganvsazRvroT Setyobinebis gadacemis 
drois maTematikuri lodini cnobili formuliT: 
)0,(sj
              ;  
s
ssss sj
)0,(1lim)0,( 0`
   
ganvixiloT kerZo SemTxveva. 
naxaz 2.3-ze naCvenebia Setyobinebis gadacemis maTematikuri 
lodinis  -ze damokidebulebis grafiki, romelic agebulia 2.2 
cxrilis safuZvelze. 
 
0,0
0,2
0,4
0,6
0,8
1,0
1,2
1,4
1,6
1,8
0,000001 0,2 0,4 0,6 0,8 1
 
     T 
  
 
nax. 2.3. Setyobinebis gadacemis maTematikuri lodinis 
 
damokidebulebis  -ze
 
  
cxrili 2.2 
    )s(g1  )s(g2  s   )0,s(  T 
0.8 1 0.99999 0.99999 0.00001 1 99998.48979 1.51021 
0.6 1 0.99999 0.99999 0.00001 1 99998.65563 1.34437 
0.4 1 0.99999 0.99999 0.00001 1 99998.79621 1.20379 
0.2 1 0.99999 0.99999 0.00001 1 99998.9116 1.08840 
1 1 0.99999 0.99999 0.00001 1 99998.29737 1.70263 
0.000001 1 0.99999 0.99999 0.00001 1 99999 1.00000 
 
 
2.3.5. დავალების შესრულების დროის განსაზღვრა ბოლოში 
კონტროლით 
 
amocanis dasma: vTqvaT, kompiuterze qselSi gadasacemi informacia  
dayofilia  paketad. TiToeuli paketis gadacemis dro warmoadgens 
damoukidebel SemTxveviT sidides, romelic ganawilebulia nebismieri 
 kanoniT. SeiZleba aRiZras erTi saxis mtyuneba (xelisSemSleli 
faqtori) 
n
)(xF
  intensivobiT.  kompiuturSi gamoyenebulia 
makontrolebeli kodi, romelic aRmoaCens Secdomas TiToeuli paketis 
gadacemis bolos. Secdomis aRmoCenis Semdeg warmoebs remonti. 
remontis dro warmoadgens SemTxveviT sidides, romelic 
ganawilebulia nebismieri  kanoniT. moiTxoveba mocemul droSi 
amocanis gadawyvetis ganxorcielebadobis gansazRvra. 
)(uG
dasmuli amocanis gadasawyvetad ganvixiloT - albaToba 
imis, rom moTxovnaTa damuSaveba damTavrdeba t - ze nakleb droSi. 
)(tj
 
paketis gadacemis drois ganawilebis funqciisaTvis  - adgili 
aqvs Semdeg integralur damokidebulebas: 
)(tj
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 (2.53)                         ; 
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 (2.53) gantoleba Sedgenilia Semdegi msjelobebis safuZvelze: 
pirveli Sesakrebi es aris erToblivi albaToba imis, rom: 
1) paketis gadacema damTavrdeba 
)()),0(,( udFtuduuu      droSi; 
2) u -drois ganmavlobaSi ar aRiZvreba xelisSemSleli 
faqtorebi - ue  ; 
3) sistema agrZelebs muSaobas da gadadis 1j  etapze. 
meore Sesakrebi- erToblivi albaToba imis, rom: 
1) paketis gadacema damTavrdeba ))()),( udFtduuu ,0(u     
droSi; 
2) u -drois ganmavlobaSi mtyunebis safuZvelze aRiZvreba 
paketis damaxinjeba - uue   ; 
3) sistema agrZelebs MmuSaobas erTi SecdomiT da gadava Semdeg 
- 1j - etapze. 
mesame Sesakrebi – albaToba imis, rom: 
1) paketis gadacema damTavrdeba 
))()),0(,( udFtuduuu     droSi; 
2) u - drois ganmavlobaSi aRiZvreba paketis damaxinjeba 
erTze meti mtyunebebis gamo - u
i
i
e
i
u  


2 !
)(
; 
3) )( ut   droSi dadgenili iqneba informaciis damaxinjebis 
mizezebi - )(vdG ; 
 
4) paketis ganmeorebiT gadacemis Sedegad misi damaxinjebis 
gareSe gadacema damTavrdeba )( vut  -ze nakleb droSi. 
pirveli modelis analogiurad gamoviyenebT ra, laplasis 
gardaqmnas (2.53) da (2.54)-Tvis, miviRebT: 
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  )()()()()()()( )1( 1)1( ssgsfsfsfss jjj                  (2.56) 
amocanis Sesruleba iwyeba, roca nj  , radgan am dros  
)(1)(1 ttn   , xolo  )(/1)( )1( 11 sss nn  
(2.55) da (2.56) gantolebebSi gadavideT saSualo mniSvnelobaze. 
miviRebT: 
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ar    )](1[)](1[)()1( 1)1( ffTfTT jjj                      (2.58) 
(2.58) roca nj  ,  maSin   , radgan amocana ukve 
damTavrebulia. amitom (2.58) gantolebidan: 
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aqedan gamomdinare (2.58) rekurentulad Caiwereba Semdegi saxiT: 
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analogiurad (2.57) , roca nj  , miiRebs Semdeg saxes: 
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SemovitanoT Semdegi aRniSvnebi: 
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xolo rekurentulad Caiwereba Semdegi saxiT: 
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cxrili 2.3 
  r    )(f  )1(jT  jT  
0.1 1 1 0.90 1.19 1.01
0.2 1 1 0.82 1.37 1.04
0.3 1 1 0.74 1.54 1.08
0.4 1 1 0.67 1.70 1.13
0.5 1 1 0.61 1.86 1.20
0.6 1 1 0.55 2.03 1.28
0.7 1 1 0.50 2.19 1.37
0.8 1 1 0.45 2.36 1.47
0.9 1 1 0.41 2.54 1.59
1 1 1 0.37 2.72 1.72
  
jT  
naxazi 2.4. Setyobinebis gadacemis maTematikuri  
             lodinis damokidebulebis  -ze  
 
 zemoT ganxiluli modeli 2 da modeli 3-is SedarebiTi analizis 
safuZvelze miRebuli Semdegebi moyvanilia cxrili 4-Si.  
  cxrili 2.4 
n Tj koreqciiT Tj koreqciis gareSe sxvaoba 
1 0.0870128711561 0.4648253308878 0.377812459731687
2 0.0849462235012 0.4214142538390 0.336468030337829
3 0.0844986805003 0.4083973069035 0.323898626403234
4 0.0843606941048 0.4022891098084 0.317928415703587
5 0.0843339728230 0.3988420970720 0.314508124249013
6 0.0843597276276 0.3966981305029 0.312338402875304
7 0.0844143900959 0.3952888216359 0.310874431539997
8 0.0844866783001 0.3943343755899 0.309847697289831
9 0.0845705145566 0.3936810664058 0.309110551849274
10 0.0846623350435 0.3932374233781 0.308575088334590
11 0.0847599118902 0.3929456144791 0.308185702588941
12 0.0848617808067 0.3927672852864 0.307905504479697
13 0.0849669397542 0.3926759959878 0.307709056233613
14 0.0850746798718 0.3926529283562 0.307578248484393
15 0.0851844855547 0.3926843241368 0.307499838582135
16 0.0852959727915 0.3927598914947 0.307463918703228
17 0.0854088496960 0.3928717780045 0.307462928308561
18 0.0855228904403 0.3930138883425 0.307490997902211
19 0.0856379175649 0.3931814188551 0.307543501290238
20 0.0857537896848 0.3933705326270 0.307616742942215
21 0.0858703927636 0.3935781279365 0.307707735172874
22 0.0859876338044 0.3938016702183 0.307814036413923
 
23 0.0861054362092 0.3940390680988 0.307933631889564
24 0.0862237363158 0.3959719371568 0.309748200841016
 
cxrilidan Cans, rom  koreqciis gareSe optimalur mniSvnelobas 
miiRebs, rodesac n=15 da  koreqciiT - n=5, roca C=800, Nd=100, xolo 
NS=100000.   
jT
jT
 
2.4. ტექნიკური სისტემები მომუშავე დროითი სიჭარბით 
 
zemoT ganxiluli modelebis  garda mocemul TavSi  gansa-
zRvulia garkveuli moculobis mqone amocanis ganawilebis funqciis 
gardaqmna laplasiT da misi saSualo mniSvneloba sxvadasxva 
kontrolirebadi, aRmdgeni momsaxure sistemis modelebisaTvis, 
romelTac gaaCniaT sxvadasxva saxis mtyunebebi.  
amasTan erTad ganixileba momsaxure sistemebis funqcionirebis 
modelebi, romlebic gansxvavdebian kontrolis sistemis organizebiT 
da misi gamoyenebis miRebuli strategiiT, im varaudiT, rom 
Sesrulebuli amocanis moculoba da aRdgenis dro warmoadgens 
SemTxveviT sidides ganawilebis nebismieri kanoniT, xolo mtyunebebi 
da SeferxebaTa nakadi emorCileba puasonis kanons. gamoTvliTi 
procesis optimaluri organizebis mizniT, amocanis Sesrulebis 
programa iyofa etapebad, romlebic sruldeba TanmimdevrobiT. 
 gamoTvlebis siswore mowmdeba ganuwyvetliv, periodulad an 
yoveli etapis bolos, imis mixedviT, Tu rogoria kontrolis sistema 
da gamoTvliTi procesis organizaciis strategia.  ganxilul 
modelebSi miRebulia, rom, momsaxure sistemas aqvs erTi 
qmediTunairiani mdgomareoba ( 1m  an 1n ); amocanis gadawyvetis 
drois  ganawilebis funqciaa - )(t . yoveli etapis Sesrulebis sruli 
dro (ganawilebis funqciiT  )(t ( jFj ),1 n ) moicavs   dros, romelic 
aucilebelia ganawilebis  funqciis mqone etapis warmoqmnisaTvis )(1 tjF
 
da agreTve moicavs ganawilebis funqciis mqone etapis amoxsnis 
sakuTar dros.  
)(2 tFj
),t(2j ),t(F...)t(F)t(F)t(               F)t(F)t(F n211jj    
sadac  -etapebis raodenobaa, xolo * _ naxvevis simbolo. 
sakontrolo aparaturis mtyunebebi da Seferxebebi 
n
  drois 
ganmavlobaSi ekvivalenturia momsaxure sistemis mtyunebebisa da 
Seferxebebisa.  
varaudoben, rom momsaxure sistemis qmediTunarianobis 
aRdgenisa an kontrolis procesSi Seferxeba an  mtyuneba ar 
warmoiqmneba da manamde warmoqnili Sefexrebebi da mtyunebebi ar 
iwvevs amocanis gadawyvetis drois cvlilebas.  
 
2.4.1. არასიმედო და არასარწმუნო მომსახურე სისტემა  
ოპერატიულ აპარატურული კონტროლით 
 
operatiuli aparaturuli kontroliT mowmdeba gamoTvlebis 
mimdinareobis siswore da gaumarTaobis aRmoCenis SemTxvevaSi  
momsaxure sistema aRdgeba, ris Semdegac ganmeorebiT sruldeba 
programis gansazRvruli nawili. Tu aparaturuli kontroli ver 
aRmoaCens  yvela Secdomas an momsaxure sistemis yvela kvanZs 
ver moicavs, maSin is ar warmoadgens absoliturad utyuars. 
amitom kontrolirebad momsaxure sistemaSic SeiZleba Tavi 
iCinos iseTma mtyunebebma, romlebic ver iqna  aRmoCenili 
aparaturuli kontroliT. aseT SemTxvevaSi momsaxure sistema 
agrZelebs gamoTvlas iqamde, sanam Tavs ar iCens aRmoCenadi 
mtyuneba, an dadgeba perioduli kontrolis momenti. ganxilul 
modelSi gaTvaliswinebulia, rogorc momsaxure sistemis, aseve  
sakontrolo aparaturis saimedooba. ganvixiloT SemTxveva, roca 
momsaxureoba iwyeba qmediTunariani momsaxure sistemiT. 
vTqvaT mtyunebaTa nakadi ganawilebulia puasonis kanoniT 
 intensivobiT, romelic moicavs agreTve sakontrolo 
 
aparaturis mtyunebebis intensivobas k ; uwyveti kontrolis  
mtyunebebis aRmoCenis albaToba Seadgens R; sakontrolo 
aparaturis mtyuneba Tavis SedegebiT ekvivalenturia momsaxure 
sistemis ZiriTadi aparaturis mtyunebebis; aRdgenisa da 
perioduli kontrolis dro warmoadgens SemTxveviT sidides 
Sesabamisad )(tG  da )(tV  ganawilebis funqciebiT; yvela n etapis 
gadawyvetis dro warmoadgens erTna d ganawilebul 
SemT
intensivoba 
ira )(tF  
xveviT sidides.  
advilad davrwumndebiT, rom aRmoCenadi mtyunebebis 
dgens )( kk   R , aRmouCenadis ki ens Seadg   _Sea
1( ))( k   R  ). aSkaraa, rom adgili aqvs tolobas   . 
j  etapis Sesrulebis dasawyebis momentidan viyenebT Semd  
aRniSvnebs: 1j
eg
 - aRmoCenadi mtyunebis warmoqmnis momenti; 2j -
perioduli ntrolis Catarebis mom  (yvela 
darCenili 1 jn  etapis Sesrulebis momenti); )(xi
 ko enti
  - x  droSi  
Sesrulebuli etapebis raodenoba; 1v  - SemTxveviTi dr , 
romelic aucilebelia momsaxure sistemis aRdgenis Tvis; 2v _ 
perioduli kontrolisaTvis aucilebeli dro; j
o
a
 - drois 
intervali, romlis ganmavlobaSic xdeba amocanis gadawyveta 
dawyebuli j -ri etapidan, im pirobiT, rom bolo aRdgena 
ganxorcielda j - uri etapis Sesrulebis dawyebis win. e.i. 
Semdgom aRmoCenil mtyunebamde an perioduli kontrolis 
dawyebamde. avRniSoT j j .  intervali cikliT cxadia, 
),min( 21 jjj    . 
momsaxure sistemaze amocanis Sesrulebis procesi SeiZleba 
aRwerili iqnas Semdegi maTematikuri modelis daxmarebiT. 
ganxiluli momsaxure sistema SeiZleba imyofebodes n  sxvadasxva 
mdgomareobaSi. imis da mixedviT, Tu mocemul momentSi, ra 
nomeri aqvs cikls, romelic sruldeba. momsaxure sistemis i-ur 
mdgomareobaSi yofnis dro ( n,1i  ) aris damoukidebeli 
 
SemTxveviTi sidide. i-uri mdgomareobidan gadasvlis albaToba 
nebismieri sxva j mdgomareobaSi ar aris damokidebuli adre 
Sesrulebuli ciklebis nomrebze da gadasvla xdeba yovelTvis, 
roc
na evradmar is
a momsaxure sistema gamarTulia. 
[38] –is mixedviT, aRvweroT es modeli da ganvixiloT 
rogorc naxevradmarkoveli procesi. Tanaxmad [38]-is 
x kovuli procesi mdgomareobeb  ukanaskneli 
 ( neee ,,, 21  ) ricxviT sruliad ganisazRvreba i  mdgomareobaSi 
fnis drois ganawilebis  )t(Pi  funqciiT da ie  md  
je  mdgomareobaSi gadasvlis pirobiTi 
e
yo gomareobidan
),1(   )( njtqij   
alabaTobiT, da im pirobiT, rom naxevradmarkoeuli procesi t  
drois ganmavlobaSi imyofeba  ie –ur mdgomareobaSi. magram, 
mocemul evaSi ar aris aucilebeli ganvsazRvroT 
pirobiTi albaTobebi, aramed sakmarisia vipovo  
gadramavali )t(Pij albaToba  imisa, rom sistema imyofeba ra,  ie  
mdgomareobaSi t drois ganmavlobaSi gadava j mdgomareobaSi. 
aSkaraa, r
SemTxv
 
om mocemulis Tanaxmad  SesaZlebelia Semdegi sami 
movl
droSi, j-ur
)t(qij T
ena: 
1) u i ciklis dawyebis Semdeg, mTavrdeba 
darCenili 1)(  jnu  etapebis Sesruleba, Tanac u  drois 
ganmavlobaSi ar Cndeba arc aRmoCenadi da arc aRmouCenadi 
mtyunebebi da momsaxure sistema gadadis j -uri mdgomareobidan 
perioduli kontrolis mdgomareobaSi (am mdgomareobas vuwodoT 
 mdgomareoba). am movlenis albaToba tolia: 1n
.  njeudFjnu u ,1      ,)(]1)( *  
2) 
duuuPduuP
jn
j
jjjjnj ),,min(,[)(
)1(
3122
)0(
1, 

 
               (2.66) 
j -uri ciklis dawyebis Semdeg Cndeba aRmoCenadi mtyuneba, 
Tanac u  droSi ar Cndebian aRmouCenadi mtyunebebi da 
uSecdomod sruldebian i etapebi. momsaxure sistema gadadis j –
uri etapidan ij   etapze. am movlenis albaToba tolia: 
 
jnuFuFdueiu
duuuPduuP
iiu
j
jjjjijj

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       (2.67) 
3) droSi da  j-uri ciklis dawyebis Semdeg mTavrdeba 
Sesruleba darCenili 
u
1)(  jnu  etapebis, Tanac u drois 
ganmavlobaSi adgili aqvs erT aRmouCenad mtyunebas mainc da ar 
Cndeba aRmoCenadi mtyuneba, an  droSi aRiZvreba aRmoCenadi 
mtyuneba, Tanac am drois ganmavlobaSi adgili aqvs erT 
aRmouCenad mtyunebas mainc da darCenili 
u
1 jn
jn 
  etapebis 
Sesruleba ar aris dasrulebuli,  e.i. u )( . ramdenadac 
( ) dros intervalSi adgili hqonda erT aRmouCenad mtyunebas 
mainc, mTeli Catarebuli samuSao j-uri ciklis dasawyisidan 
ufasurdeba. momsaxure sistema 
uo 
j -uri mdgomareobidan gadadis j -
uri etapis sawyis mdgomareobaSi. Sesabamisad am xdomilobebis 
albaTobebi tolia: 
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aq da SemdgomSi yvelgan - aris da  
ganawilebis -GjeradiD naxvevi.  
)()( uF n  )(uF 1)()0( uF
n
( ) drois intervalSi momsaxure sistemis i-dan to  j  
mdgomareobaSi gadasvlis albaTobas aqvs Semdegi saxe:  
  t ijij duuPt
0
)3,2,1,0(      )()(   
ganxilul modelSi momsaxure sistemis j -ur mdgomareobaSi 
yofnis j  dros ganawilebas aqvs Semdegi saxe: 
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aRvniSnoT j -iT realuri dro, romelic aucilebelia  
etapis mqone amocanis gadasawyvetad, dawyebuli 
n
j -uri 
mdgomareobidan, gamarTuli momsaxure sistemis SemTxvevaSi, 
xolo misi ganawileba ki - )(tj –Ti e.i.: 
  )(),(        ];[)( tddtttPdtttt jjjjj        (2.69)  
maSin, mtyunebebis dros, momsaxure sistemis aRsadgenad 
dakarguli  drois da  drois (romelic saWiroa perioduli 
SemowmebebisaTvis) gaTvaliswinebiT, SeiZleba Caiweros 
stoqastur gantolebaTa Semdegi sistema  
1v 2v
),1(  njj  -Tvis: 
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sadac, )3,0    n,1,i(j,  )( j
)(  kkjj   qmnian SeuTavsebeli 
indikatorTa sistemas da  
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jj  ,  yoveli j -s dros damoukideblebi da erTnairad 
ganawilebulni arian, jj  ,  da -wyvil-wyvilad 
damoukideblebi. 
j
k
ij  ),()(
aSkaraa, rom (2.69) da (2.70) –is safuZvelze SeiZleba 
daiweros: 
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an (2.66), (2.67) da (2.68)-is gaTvaliswinebiT (2.71) gantoleba 
SeiZleba miviyvanoT Semdegi naxvevis tipis inegralur 
gantolebaTa sistemamde: 
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    (2.72)  
sasazRvro pirobiT )()(1 tVtn   . 
gamoviyenebT ra (2.72) sistemis mimarT laplasis gadraqmnas 
da amovxsniT mas )()( 11 ts   mimarTebiT, miviRebT: 
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        (2.72) 
warmoadgenen laplasis gardaqmnebs. 
advilad vrwmundebiT rom )(1 s  warmoadgens ganawilebis 
funqcias. marTlac 1)(lim 1 SS , roca, . 0s
viciT, ra )(1 s  SeiZleba vipovoT )(tj  ganawilebis yvela 
momenti, TiToeuli konkretuli SemTxvevisTvis. (2.72)-is uku 
gardaqmna SeiZleba movaxdinoT cnobili miaxloebis meTodiT 
[23]. qvemoT moviyvanoT gamosaxulebebi mxolod n  etapis mqone 
amocanis Sesrulebis  drois maTematikuri lodinisTvis, Tu 
misi amoxsna iwyeba gamarTuli momsaxure sistemis pirveli 
etapidan:  
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)0(      )0(  gv  aRk dasadac   Sesabamisad periodul 
kontrolisa da aRdgenis saSualo droa. 
ganvixiloT ramodenime magaliTi miRebuli formulebis 
gamoyenebiT. 
a) arsebobs umtyunebeli operatiuli aparaturuli 
kontroli    ),1  ,0(  R  perioduli kontrolis gareSe ( 0k ). 
gamoviyenebT  (1.39), (1.40) formulebs am SemTxvevisaTvis, miviRebT: 
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ganvsazRvroT etapebis optimaluri ricxvi, romlis drosac 
amocanis Sesrulebis drois maTematikuri lodini iqneba 
minimaluri. vTqvaT, momsaxure sistemis uSecdomo muSaobis 
pirobebSi amocanis SesrulebisaTvis saWiroa mudmivi T  dro, 
xolo etapebis warmoqmnisaTvis - e ,  e.i. 
).()()(  )(  ,)( 21
/
21 sfsfsfesfesf
nsTs     dae  
amisaTvis T -s warmoebuls -iT gautolebT 0, ris Sedegad 
miviRebT: 
n
      ].1/[ e  eTn  
b) operatiuli aparaturuli kontroli ar arsebobs. 
momsaxure sistemis funqcionirebis siswore mowmdeba mxolod 
perioduli kontroliT e.i. ar aris aRmoCenadi mtyunebebi )0(  . 
am SemTxvevisTvis  gaTvaliswinebiT, miviRebT: )()( sfs n
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sadac )0(fnT   _ momsaxure sistemis uSecdomod muSaobis 
pirobebSi mTeli amocanis Sesrulebis drois maTematikuri 
lodinia, etapebis warmoqnisaTvis dakarguli drois 
gaTvaliswinebiT. rogorc mosalodneli iyo, am SemTxvevaSi 
amocanis gadawyvetis programis dayofa calkeul etapebad 
mizanSewonili ar aris, ramdenadac momsaxure sistemis aseTi 
kontrolis
კო
ualebiT. 
perio ntr
sistemis sakontrolo aparaturis aRdgenas. drois danakargi, 
uli kontrolis ganawilebis 
funq
 dros grZeldeba amocanis gadawyvetis  dro.  
 
2.4.2. მომსახურე სისტემა პროგრამული ნტროლით 
 
vTqvaT, Sesrulebuli samuSao dayofilia N  nawilad, xolo 
TiToeuli nawili n  erTnairad ganawilebul etapad. momsaxure 
sistemis muSaobis Sedegebis sisworis Semowmeba xdeba yovel etapze 
amoxsnis gameorebis gziT, ori iseTi Sedegis gamoCenamde, romlebic 
erTmaneTs emTxveva (ar aris aucilebeli miyolebiT). amis gamo 
mcirdeba gamoTvlis Sedegebze Seferxebis gavlena. gamoTvlis 
Sedegebis dacva mdgradi mtyunebebis gavlenisagan xdeba drois 
gansazRvrul SualedebSi perioduli kontrolis saS
duli ko oli moicavs aucileblobis SemTxvevaSi momsaxure 
vTqvaT, )(tV  - aris period
cia,   – TviTmocilebadi mtyunebebis intensivoba;  – 
mdgradi nebebi tensivoba
SemovitanoT albaTobaTa ganawilebis ori gansxvavebuli 
funqcia )(1 t  da  ac )(1 t
mtyu s in . 
, Tan)(1 t   aris t -ze nakleb droSi n  
etapebis Sesrulebis albaToba, mxolod TviTmocilebadi 
mtyunebebis dros; )(1 t  - n etapebis amoxsnis drois ganawilebis 
funqcia, rogorc TviTmocilebadi aseve mdgradi mtyunebebis 
dro mo eba
analogiuri ganxilvebis safuZvelze 
s. ganvixiloT SemTxveva, roca msaxur  iwyeba 
qmediTunariani momsaxure sistemiT. 
)(1 t  da  funqcia 
ganisazRvreba Semdegi integraluri gantolebebiT: 
)(1 t
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aSkaraa, rom (2.74)-is yoveli wevri iTvaliswinebs TiToeuli 
etapis or gadaTvlas, ganvlils damaxinjebebis gareSe. e.i. 
pirveli wevri aRniSnavs, rom moxda ori gadaTvla da orive 
warmatebiT (damaxinjebebis gareSe);  meore wevri – 
damaxinjebebis gareSe gaiara me-2 da me-3 gadaTvla; mesame wevri - 
damaxinjebebis gareSe Caiara pirveli da me-3 gadaTvlebma da a.S. 
(2.75) gantolebis pirveli wevri aRniSnavs imis albaTobas, rom 
amocanis amoxsna mtyunebebis aRZvris gareSe damTvardeba u  
droSi, xolo perioduli kontrolisaTvis saWiroa  droze 
naklebi; meore wevri es aris albaToba imis, rom  drois 
ganmvlobaSi gamoCndeba erTi mtyuneba mainc; perioduli 
kontroli da aRdgena daikaveben 
ut 
u
  dros da erTi nawilis 
amoxsna damTvardeba (  ut ) droze nakleb droSi da a.S. 
gardavqmniT ra (2.74)-sa da (2.75)-s da amovxsniT maT )(1 s  da 
)(s  mimarT, miviRebT:  
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sadac: 
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gadavalT ra saSualo mniSvnelobaze,  miviRebT:    
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    (2.76) 
sadac,  da )0(f  )0(v  – aris Sesabamisad etapis amoxsnisa da 
perioduli kontrolis maTematikuri lodini. 
mTeli amocanis amoxsnis sruli saSualo dro: 
10 NTT                 (2.77) 
ganvixiloT ramodenime magaliTi:  
a) ar arsebobs mtyuneba ( 0)0(,0  v    ); (2.76)-dan miviRebT 
)() , da Tu ar arsebobs Seferxeba ( 00(2 11  ffnT  ), maSin 
miviRebT mTeli amocanis da nawilis amoxsnis saSualo dros: 
               );0(21 fnT  )0(20 fnNT  ; 
b) ar arsebobs Seferxeba ( 0 ); (2.76), (2.77)-dan miviRebT 
NfvfnT n )()]0()0(2[ 20  ; 
g) ke  ,,0T  - amocanis gadawyvetis, etapis warmoqmnisa da 
perioduli kontrolis droebi mudmivi sidideebia. e.i. maTi 
laplasis gardaqmna gamoisaxeba Semdegnairad: 
,)( 0sTes       ;  )/( 0)( nNTsesf  e ksesv )( . 
Sesabamisad  (2.76)-dan miviRebT:  
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d) (2.76)-Si CavTvaloT, rom amocanis Sesrulebis dros 
momsaxure sistemis uSecdomo muSaoebis pirobebSi tolia  
mudmivi sididis e.i. 
0T
)0(0 fnNT   da 0 ; etapebis warmoqmnaze 
drois danakargi aris mcire da SeiZleba ar mieqces yuradReba 
 
( 0e ). maSin  nawilebis raodenobis optimaluri mniSvneloba, 
romlis drosac  iRebs minimalur mniSvnelobas, tolia: 
N
0T
)]/4([ 200 k  TN , 
xolo mtyunebaTa SedarebiT mcire intensivobis dros (  <0,1) 
)]/2([ 00 k  TN . 
ganvixiloT zemoT ganxiluli modelis kerZo SemTxveva, 
roca momsaxureba iwyeba araqmediTunariani momsaxure sistemiT: 
        (2.78) )()()(
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am gamosaxulebis miRebisas mxedvelobaSi iqna miRebuli, rom 
aRmouCenadi mtyuneba, romelic aRiZra moTxovnaTa momsaxurebis 
dawyebis win, roca momsaxure sistema imyofeboda Tavisufal 
mdgomareobaSi, ar cvlis arc -s da arc SeferxebaTa 
aRmoCenis miRebul algoriTms. Sesabamisad .   
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)()( 11 tt 
gamoviyenebT ra (2.78)-sTvis laplasis gardaqmnas, miviRebT:  
)()()()( 111 svssss   . 
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2.4.3. მომსახურე სისტემა პროგრამულ _ აპარატურული                  
კონტროლით 
 
Seferxebebis aRmoCena SesaZlebelia amocanis TiToeuli 
etapis ormagi realizaciis meTodiT, xolo mtyunebebis ki - 
aparaturuli saSualebebiT drois imave imtervalSi, iseve 
rogorc Seferxebebi. Sesrulebuli samuSao gayofilia 
araerTgvarovan etapebad maTi amoxsnis drois ganawilebis 
nebismieri , )(tFj nj ,1  kanoniT, xolo Seferxebebisa da 
mtyunebebis intensovobebi j  da j , nj ,1 , Sesabamisad 
damokidebulia gadasawyvet  etapebze.  
SevadginoT integralur gantolebaTa sistema:  
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   ; 1)(1   tn nj ,1 ,  sadac  aris  ganawlebis 
funqciis orjeradi naxvevia. 
)(*2 xFj )(xFj
gamoviyenebT ra (2.79)-Tvis laplasis gardaqmnas miviRebT: 
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sadac: 
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(2.80) sistemis amoxsnisas -is mimarTebaSi, aqvs saxe: jT
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gardavqmniT ra (2.82) sistemas
1)(    cas ii            (2.82) 
 amocanis gadawyvetis saSualo 
drois -s mniSvnelobasTan mimarTebaSi, Tu misi gadawyveta 
iwyeba 
jT
j -uri etapidan, miviRebT:  
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sadac:  ganisazRvrebian (2.83)-dan, isini tolia 
 roca 
000 ,, jjj cba   
0s , jjj cba ,, 00   sjjj cba .  
amovxsniT ra (2.83) gantolebas -is mimarTebaSi, miviRebT:  
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dasasruls aRvniSnoT, rom amocanis gadawyvetis drois 
ganawilebis funqciis mniSvnelobas da mis maTematikur lodins, 
momsaxure sistemis saimedoobis, kontrolis sistemis 
saimedoobisa da organizaciis gaTvaliswinebiT, gaaCnia 
seriozuli praqtikuli mniSvneloba, momsaxure sistemi  
daproeqtebisas ZiriTadi parametrebis sworad arCevisaTvis, 
agreTve gamoTvliTi procesis optimaluri organizaciisaTvis (n  
da N  mniSvnelobebis 
s
Sesabamisi arCeviT. e.i. amocanis 
gadawyvetis saSualo drois minimumis pirobebidan) misi 
eqspluataciis periodSi. 
 
 
2.5. შედარებითი ანალიზი 
 
zemoT Catarebuli modelebis analizi exeboda qselis komponentebis 
calkeul maxasiaTeblebs. axla vecadoT SevafasoT miRebuli modelebis 
upiratesoba qselis struqturebis gaTvlis dros. vinaidan qselebis 
proeqtirebisas amJamad yvelaze farTod gamoiyeneba l. klenrokis 
modelebi (“kvadratuli fesvis wesi”), amitom mizanSewonilia SedarebiT 
analizisaTvis gamoviyenoT es modelebi. amasTan vixelmZRvaneloT 
masalebiTa da magaliTebiT, romlebic ganxilulia [69]_Si. 
ZiriTadi siZnele qselis struqturis proeqtirebisaTvis ama Tu im 
modelis gamoyenebis efeqturobis SefasebaSi mdgomareobs imaSi, rom am 
dros gamoiyeneba sxvadasxva SezRudvebi da daSvebebi, xolo struqturis 
xarisxis Sefaseba swarmoebs misi efeqturobis sxvadasxva kriteriumebiT. 
ase magaliTad, l. kleinroks qselis struqturis efeqturobis 
kriteriumad aRebuli aqvs qselSi Setyobinebebis (wyarodan _ mimRebamde) 
Cabarebis saSualo drois minimumi kavSiris arxebis gamtarunarianobaze 
danaxarjebis TvalsazrisiT qselis Seqmnis Rirebulebaze SezRudvebis 
dros. Cvens mier Catarebul gamokvlevaSi kavSiris arxebis 
gamtarunarianobis SerCevis dros qselis struqturis efeqturobis 
SerCeul kriteriums warmoadgens Setyobinebebis (paketebis) Cabarebis 
saSualo droze SezRudvebis dros minimaluri SesaZlo Rirebuleba, 
romelic unda iyos naklebi an toli winaswar mocemuli raRac 
mniSvnelobisa. 
amitom modelebis SedarebiTi analizisaTvis saWiroa gamoviyenoT 
sainformacio nakadebis igive maxasiaTeblebi da efeqturobis misaRebi 
kriteriumebis ricxviTi mniSvnelobebi. aseT maxasiaTeblebs mivakuTvnoT 
gzis (manZilis) saSualo sigrZe, romelzedac gaivlis Setyobineba, 
informaciis wyaroebidan gadacemuli Setyobinebebis sigrZisa da 
nakadebis erTnairi intensiobebi. efeqturobis Sesadarebel kriteriumad 
miviRoT qselSi Setyobinebebis Cabarebis saSualo dro da struqturis 
SedarebisaTvis SerCeuli kavSiris arxebis gamtarunarianobaze 
danaxarjebi. Setyobinebebis Cabarebis saSualo drois Sefasebisas 
gamoiyeneba formulebi arxis Rirebulebis ganxilvis dros, romelic 
 
proporciulia misi gamtarunarianobis. aRniSnul TavSi iseve, rogorc 
kleinrokis modelebSi (“kvadratuli fesvis” wesSi) erTeulad miRebulia 
arxis Rirebuleba 1 biti/wm gamtarunarianobiT. aRniSnul paragrafSi 
mocemuli modelebisaTvis Setyobinebebis Cabarebis dro ganisazRvreba 
(2.25) formuliT, xolo gamtarunarianobebi ki (2.26) formuliT, 
romlebsac gaaCniaT variaciis koeficienti 1lK . aseTi daSveba 
gamowveulia imiT, rom l. kleinrokis formulaSi gaTvaliswinebulia 
SetyobinebaTa sigrZeebis eqsponencialuri ganawilebis mqone 
erTgvarovani puasonuri nakadi. misgan gansxvavebiT (2.25) da (2.26) 
formulebSi aq gaviTvaliswinebT agreTve samomsaxureo Setyobinebebs, 
kavSiris arxebis arasaimedoobas, rac axasiaTebs qselis muSaobis mZime 
reJims, e.i. roca mosalodnelia misi muSaobis xarisxis maxasiaTeblebis 
gauareseba. 
 aseTi daSvebebis gaTvaliswinebiT ganvsazRvroT kavSiris arxebis 
gamtarinarianobis optimaluri mniSvnelobebi nax. 2.5_ze gamosaxuli 
qselis struqturisaTvis (magaliTis demonstrirebis mizniT igi 
aRebulia [69]_dan). nax. 2.10_ze patara wrexazebiT gamosaxulia 
informaciis wyaroebi, romlis qveSac vgulisxmobT saabonento punqtebs 
(ap). ormagi wrexazebiT aRniSnulia qselis kvanZebi (mag. komutatorebi). 
analizis masalis Semcirebis mizniT davuSvaT, rom saabonento punqtidan 
mTeli trafiki mimarTulia monacemTa damuSavebis centrSi (mdc). 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
cxrili 2.5 
 ap1 ap2 ap3 ap4 ap5 ap6 ap7 ap8 ap9 ap10 ap11 ap12 
1  0.01 0.04 0.03 0.08 0.2 0.001 0.12 0.06 0.04 0.24 0.033 0.02 
1  800 840 120 450 120 1200 280 360 800 120 400 600 
2  0.02 0.03 0.06 0.06 0.4 0.003 0.2 0.04 0.02 0.2 0.02 0.02 
2  20 64 64 56 70 50 64 60 74 50 50 52 
 
nax. 2.5  qselis gasaanalizebeli struqtura 
 
mdc 
ap3 
l3 
ap2 
ap3 
l2 l1 
l4 
ap5 ap1 
l6 
l5  l7 
ap6 
ap7 
l8 l14 
l13 
l10 ap12 ap8 l9 l12 
ap11 
ap9 
l11 
ap10 
 
nakadebis intensiuroba (sainformacio_ 1  samomsaxureo_ 2 ) 
TiTeuli ap_dan mdc_Si Setyobinebebis iT  saSualo sigrZeeb )2,1i(i  
moyvanilia cxril 2.5_Si. ap_ebs Soris, aseve ap_sa da mdc_s Soris 
sainformacio gacvla iwvevs arxze datvirTvas, romlis mniSvneloba 
mocemulia cxr. 2.6. 
 
 
cxr

ili 2.6. 
ar
x
is
 
#
 
arxi Tva s datvir
i  (biti/wm.) 
m. 
l. klein xedviT 
(2.34) 
formulis mixedviT 
opt
iC  biti/w
rokis mi
opt
iC  biti/wm iT  l kis 
mixedviT 
.kleinro
1l  12.0645 17.0015 23.4892 81.4572 
2l  50.1279 60.1912 66.3317 49.8121 
3l  7.59825 11.5162 10.3966 21.5482 
4l  50.6526 60.7685 57.9235 21.7705 
5l  52.1916 62.46 55.0906 8.4712 
6l  54.3224 64.7984 57.308 8.55683 
7l  152.543 169.041 156.931 9.25312 
8l  48.3953 58.2832 53.4169 15.2949 
9l  25.6872 32.8911 34.1108 35.6578 
10l  62.3852 73.6117 75.2079 34.7309 
11l  39.1948 48.0923 42.162 10.0105 
12l  54.9187 65.452 58.6238 10.5757 
13l  69.5984 81.4561 73.9379 11.012 
14l  175.601 194.436 181.373 9.20342 
 
 
ganxiluli struqturisaTvis gamoTvlili iyo jamuri nakadis 
intensiurobis sidide (romelmac Seadgina 1,949) da gzis saSualo sigrZe 
(toli 2,899). es mona emebi saWiroa sakvlevi modelebis gaTvlebisaTvis. 
i
drois mniSvneloba 5T i
c
gamtarunarianobis racionaluri mniSvnelobis gansazRvris dros 
kavSiris TiTeuli  arxisaTvis miRebuli iyo Seyovnebis mocemuli l
Cab wm da mzadyofnis koeficienti 99.0K i m , 
romelic l. kleinrokis formulebiT araa mxedvelobaSi miRebuli. 
vvaraudobT, rom SetyobinebaTa sigrZeebi ganawilebulia 
eqsponencialuri kanoniT. dasawyisSi SerCeuli iqna struqturis 
gamtarunarianoba (2.34) formuliT. am dros TiTeuli arxis gaTvlebi 
Seadgines 
i
iCD
opt
Teuli. amasTan qselSi saSualo 
moyvanilia cxril meoTxe svetSi. mTeli qsel  
gamtarunarianobam turis Rirebulebam (
 er
 2.7_is 
da struq
 .946
is jamurma
-is dros) 1)1(di 
3
Seyovneba, Sefasebuli iTnT CabCab   formulis mixed  
TiTeul arxze Seyovneba Seadgens 5wm_s) a
viT (rad
RmoCnda
ganac gzis
 toli 
5.145899.2T Cab wm. 
miRebuli monacemebi gamoyenebuli iyo gamtarunarianobis 
gaTvlisaTvis “kvadratuli fesvis” wesiT mniSvnelobebis 946, 390 da 
1000_mde gazrdiT. TiTeuli il  arxis gamtarunarianobis gaTvlis Sedegebi 
naCvenebia cxril 2.7_is mesame svetSi, xolo arxze saSualo 
SeyovnebisaTvis - mexuTe svetSi. l. kleinrokis formulisa da mexuTe 
svetSi monacemebis mixedviT gaTvlilma qselis saSualo Seyovnebam 
Seadgina 37wm. aRniSnuli gaTvlebi gviCvenebs, rom qselis 
gamtarunarianobis (an qselis Rirebulebis) sidideze erTi da igive 
SezRudvis dros “kvadratuli fesvis” mixedviT qselis struqturis 
SerCevas mivyavarT Cabarebis drois TvalsazrisiT uaresi Sedegisaken 
(Cveni magaliTisaTvis CabT  izrdeba 2,5_jer).  
s 14wm_mde l. kleinrokis formuliT 
gaTvlili saSualo Seyovneba qselSi, Seicvala D SezRudva misi gazrdis 
mimarTulebisaken. ase magaliTad: 
im sakiTxis gamosakvlevad ramdenjer unda gaizardos struqturis 
gamtarunarianoba, raTa Semcirde
 
D=125 obis dros saSualo Seyovneba (e. i. qselSi gam-
gzavni_wyarodan mimReb_momxmareblamde paketis Cabarebis saSualo dro) 
DSeadgens 
0 mniSvnel
63.13T Cab wm. aseTi SezRudvis dros qselis kavSiris arxebis 
gamtarunarianobis mniSvnelobebi da TiTeuli arxze saSualo Seyov
moyvanilia cxril 2.7_ze. 
cxrili 2.7 
 
 
arxis 
# 
arxis datvirTva  biti/wm. 
l. kleinrokis mixedviT 
.34) 
formulis mixedviT 
neba 
(biti/wm.) 
opt
iC optiC  biti/wm (2 iT  l. kis 
formu dviT 
kleinro
lis mixe
1l  12.0645 25.4715 23.4892 29.9957 
2l  50.1279 77.4563 66.3317 18.3428 
3l  7.59825 18.238 10.3966 7.93486 
4l  50.6526 78.1237 57.9235 8.01674 
5l  52.1916 80.0769 55.0906 3.11942 
6l  54.3224 82.7713 57.308 3.15095 
7l  151.543 199.06 156.931 3.40736 
8l  48.3953 75.2473 53.4169 5.63218 
9l  25.6872 45..2502 34.1108 13.1306 
10l  62.3852 92.8723 75.2079 12.7893 
11l  39.1948 63.36 42.162 3.68626 
12l  54.9187 83.5233 58.6238 3.89438 
13l  69.5984 101.8 73.9379 4.05506 
14l  175.601 226.75 181.373 3.38906 
 
es gaTvlebi gviCveneben, rom qselSi minimaluri saSualo Seyovnebis 
uzrunvelsayofad (“kvadratuli fesvis” wesiT) saWiroa qselis ufro 
meti gamtarunarianoba, vidre igive minimaluri saSualo Seyovnebis 
mniSvnelobis misaRwevad Cvens mier damuSavebuli meTodiT (2.26 formu-
lis gamoyenebaze) dazustebuli gamtarunarianoba. e. i. ufro kon-
kretulad rom aRvniSnoT Cvens mier ganxiluli magaliTisaTvis qselis 
gamtarunarianoba saWiroa TiTqmis 1,25_jer meti, vidre qselisaTvis, 
romelic gavTvaleT (2.26) formulis daxmarebiT. 
bi samarTliania ZiriTadad im 
qselebisaTvis, romlebSic kavSiris arxebi sainformacio nakadebiT itvir-
Tebian sakmaod umniSvnelod (0,2_0,3_mde). 
 saSualeba 
mogvca dadgindes arxis mzadyofnis koeficientis sasazRvro 
koeficientis mniSvneloba, Setyobinebebis Cabarebis droze. 
runarianobis efeqturi mniSvnelobebis 
SefasebisaTvis qselSi gadasacemi Setyobinebebis ganawilebis 
nebismieri kanonebis dros. 
amgvarad, saWiroa kidev erTxel mivaqcioT yuradReba imas, rom 
qselis kavSiris arxebis gamtarunarianobebis gansazRvraSi l. 
kleinrokis meTodiT iTvleba rom kavSiris yvela arxi absoluturad 
saimedoa, e. i. mxedvelobaSi ar miiReba Setyobinebebis damatebiTi 
Seyovneba, romelic gamowveulia arxebis mtyunebiT da Sesabamisad maTi 
aRdgenis droebiT. amas garda, l. kleinrokis meTodi ar iTvaliswinebs 
nakadebis araerTgvarovnebas (rogorc samomsaxureo, ise sainformacio). es 
ki, rogorc naCvenebi iyo, iwvevs kidev ufro did Secdomebs 
Setyobinebebis Cabarebis saSualo drois gamosaangariSebel gamoTvlebSi, 
aqedan gamomdinare ki,  qselis gamtarunarianobebis angariSSi. SeiZleba 
vamtkicoT, rom l. kleinrokis modele
 
მეორე თავის დასკვნა 
 
miRebulia qselSi Setyobinebebis (paketebis) Cabarebis saSualo 
drois gaTvlisaTvis analitikuri damokidebulebebi qselis 
saimedoobisa da gamtarunarianobis gaTvaliswinebiT, ramac
miRebulia maTematikuri modelebi qselis mzadyofnis 
koeficientisa da gamta
 
miRebulia maTematikuri modeli qselSi paketebis gadacemis 
realuri drois gaTvlisaTvis. 
naCvenebia kavSiris arxebis mzadyofnis koeficientisa da 
gamtarunarianobis mniSvnelobebis damokidebulebebi sainformacio 
nakad
Ti 
sidi
ebis parametrebze, mtyunebebis aRmofxvris droze da SemkveTis 
mier mocemuli Setyobinebebis Cabarebis droze. 
amave dros ganixileba teqnikuri sistemis momsaxurebis 
funqcionirebis modelebi, romlebic gansxvavdebian kontrolis 
sistemis organizebiT (amocanis Sesrulebis msvlelobis siswore 
mowmdeba uwyvetad (aparaturuli kontroli)), periodulad 
(programuli) an yoveli etapis bolos, kombinirebuli 
(programul-aparaturuli) im varaudiT, rom Sesasrulebeli 
amocanis moculoba da aRdgenis dro warmoadgens SemTxvevi
des nebismieri ganawilebis kanoniT, xolo mtyunebaTa da 
SeferxebaTa naklebi emorCileba puasonis kanons. 
ganisazRvreba  nebismieri )(tF  moculobis mqone amocanis 
Sesrulebis realuri drois )()(1 tt   ganawilebis funqciebi da 
maTi saSualo mniSvnelobebi sxvadasxva saxis mtynebebis mqone 
momsaxure sistemisaTvis, romelsac gaaCnia erTi qmediTunariani 
mdgomareoba, roca amocanis Sesruleba (moTxovnaTa momsaxureba) 
iwyeba qmediTunariani momsaxure sistemiT, Sesrulebuli samuSao 
mtyunebiT ar u
mtyunebiT Sewyvetili moTxovna ikargeba. 
Catarebulia qselis efeqturi gamtarunarianobis Sefasebis 
ZiriTadi meTodebis analizi, romelmac gviCvina, rom 1,25_jer met 
ekon
miRebuli maTematikuri modelebi da sxva Sedegebi SeiZleba gamo-
yenebuli iqnes, rogorc safuZveli sainformacio qselebis 
struqturebis proeqtirebis meTodikis dasamuSaveblad. 
 
fasurdeba, an nawilobriv ufasurdeba. am 
omikur efeqts iZleva kavSiris arxebis gamtarunarianobis 
saangariSod.  
 
 
 ი 3. მონაცემთა მიღება-გადაცემის ეფექტური ქსელურთავ ი 
სისტემების პროექტირების ეთოდიკის დამუშავება 
3.1. ზოგადი მოთხოვნები და პროექტირების ძირითადი ეტაპები 
isa da qse-
lis optimaluri struqturis proeqtirebis meTodikas. 
a 
uzrunvelyos utyuari informaciis gadacema wyarodan miRebamde.  
o; informaciis Cabarebis drois 
dispersia; sistemis reaqciis dro. 
მ
 
 
qselis arsebiT nawils kvlevis Sedegebis praqtikulad gamo-
yenebisaTvis warmoadgens sxvadasxva daniSnulebis qselebis efeq-
turi sistemuri proeqtirebis meTodika. es meTodika bazirdeba 
Catarebuli monacemebis mimReb-gadamcemi qselebisa da maTi kompo-
nentebis maTematikuri modelebis gamokvlevebze, qselis struqtu-
rebis analizisa da sinTezis Sedegebze, qselis efeqturi para-
metrebis gaTvlisaTvis saWiro miRebul gamosaxulebebze. igi moi-
cavs or urTierTdakavSirebul nawils: sabazo variant
sainformacio qselis efeqturoba misi proeqtirebis etapebze 
uzrunvelyofilia misi muSaobis xarisxis ZiriTadi maxasia-
Teblebis kompleqsuri gaTvaliswinebiT, im moTxovnebis dasabuTe-
biT, romlebic waeyeneba qsels da mis komponentebs, aseve am 
moTxovnebis uzrunvelyofiT rac SeiZleba minimaluri materia-
luri da SromiTi resursebis danaxarjebiT. moTxovnebi, romlebic 
waeyeneba qselis sistemas da mis komponentebs, gansazRvruli unda 
iyos misi daniSnulebisa da eqspluataciis pirobebidan 
gamomdinare. zogad SemTxvevaSi qselis struqturam und
informaciis drouli Cabarebis maxasiaTeblebs qselis 
struqturis gaTvlis dros miekuTvneba: gamgzavnidan mimRebisaken 
informaciis Cabarebis saSualo dr
 
zogad SemTxvevaSi qselis struqturis sistemuri proeq-
tirebisas gaTvlili unda iqnen: 
persia qselis 
TiTeuli komponentisaTvis; 
eruli mexsierebis moculoba; 
o opti-
maluri koeficienti; 
_kavSiris arxebis saWiro efeqturi gamtarunarianoba; 
gaTvlebis dros gaTvaliswinebuli unda iqnes qselis yvela 
mTavari parametrebis urTierTkavSiri, aseve am parametrebis 
gavlena qselSi informaciis drouli Cabarebis maxasiaTeblebis 
mniSvnelobaze; sainformacio nakadebi, romlebic cirkulireben 
qselSi da ganisazRvrebian SerCeuli protokoliT, aparaturis 
aras
 sxva. 
_sawyisi monacemebis analizi da ganzogadoeba, romlebic au-
cilebelia qselisa da misi komponentebis gaTvlisaTvis qselis 
pers
_qselis sabazo struqturis gaTvla, romelic saSualebas 
iZle
_qselis racionaluri struqturis SerCeva da misi ZiriTadi 
parametrebis efeqtur mniSvnelobaTa angariSi, romelic saSua-
_rigSi lodinis saSualo dro da misi dis
_komponentis buf
_qseluri sistemisa da komponentebis mzadyofnis saWir
_informaciis gadamcemi qselis racionaluri struqtura. 
aimedoobiT, xelSeSlebiT, dasaproetebeli qselis ekonomikuri 
maCveneblebiTa da
qselis sistemuri proeqtirebis mTeli procesi moicavs Semdeg 
ZiriTad etapebs: 
peqtiuli ganviTarebisa da saeqspluatacio pirobebis gaTvali-
swinebiT; 
va Sefasdes saWiro teqnikuri resursebi da maTze wayenebuli 
moTxovnebi; 
 
leba
gaTvlebis sawarmoeblad saWiroa vicodeT sainformacio naka-
debis ganawilebis kanonebi, saabonento punqtebidan gadacemuli 
Setyobinebebis sigrZeebi, monacemTa gadacemis aparaturis amJamad 
arsebuli tipebis teqnikuri da ekonomikuri maxasiaTeblebi, 
qselisaTvis gamoyofili kavSiris arxebis maxasiaTeblebi da maTi 
ganlagebis adgilmdebareobebi. sainformacio nakadebis ganawilebis 
kanonebisa da Setyobinebebis sigrZeebis Sesaxeb cnobebis ar 
arse
_momxmarebelTa Setyobinebebis sigrZeebi da qselis komponen-
tebS ponenci-
aluri da regularuli kanonebis mixedviT; 
selis aparaturis mtyunebaTa nakadi metad martivia; 
_saabonento punqtebidan monacemTa damuSavebis centrSi, aseve 
am centridan da calkeul saabonento sadgurebs Soris gadasacemi 
Sety
qselis efeqturobis amaRleba fasdeba qselis Seqmnaze 
danaxarjebis Semcirebis sididiT, im qselisa, romelic akma-
yofilebs informaciis drouli Cabarebis moTxovnebs. 
 
s mogvcems vuzrunvelyoT utyuari informaciis drouli 
gadacema qselis Seqmnaze danaxarjebis minimizaciis dros. 
bobis dros qselis proeqtireba swarmoebs Semdegi daSvebebisa 
da SezRudvebis gaTvaliswinebiT: 
_sainformacio nakadebi saabonento punqtebidan, aseve xelSeS-
lebis nakadebi aRiwereba ganawilebis puasonuri kanoniT; 
i maTi damuSavebis dro ganawilebulia ganawilebis eqs
_q
_mtyunebaTa aRmofxvris dro emorCileba eqsponencialur ka-
nons; 
obinebebis nakadebis intensiobebi da maTi sigrZeebis saSualo 
mniSvneloba cnobilia. 
 
3.2. საწყისი მონაცემების გათვლა და მათი განზოგადოება 
 
ZiriTad sawyis monacemebs warmoadgens: SemkveTis moTxovna in-
formaciis Cabarebis drois mimarT; saabonento punqtebis raodenoba, 
maTi geografiuli ganlageba qselisa da monacemTa damuSavebis 
centrebisaTvis gamoyofili kavSiris arxebTan damokidebulebiT; 
parametrebi sainformacio nakadebisa (Setyobinebebis sigrZe, maTi 
gadacemis intensiuroba), romlebic cirkulireben qselSi; qselisa 
da misi komponentebis datvirTva sainformacio nakadebiT; 
xelSeSlebis nakadis intensiuroba an Setyobinebebis damaxinjebis 
intensioba; gamoyofili kavSiris arxebis gamtarunarianoba da 
saimedooba; ekonomikuri danaxarjebi kavSiris arxebis arendaze; 
qselSi gamoyenebuli aparaturis Rirebuleba da kavSiris arxebis 
sxva teqnikuri maxasiaTeblebi. nakadebis parametrebis mixedviT 
ZiriTadi sawyisi monacemebis angariSi moicavs Semdeg etapebs. 
NN   zomis matricis Sedgena momxmarebelTa _dan _ken 
informaciis gadacemis moTxovnilebaTa monacemebis mixedviT. 
matrica warmodgenilia cxr. 3.1_is saxiT. 
ta sa
            
 cxrili 3.1. 
 1a  2a  . . . ta  . . . sa  . . . Na   
1a  _ 12  . . . t1  . . . s1  . . . N1  

N
1i
i1  
2a  21  _ . . . t2  . . . s2  . . . N2   i2  
 . . . . . . . . . . . . . . . . . . . . . . . .  ... 
ta  1t  2t  . . . _ . . . 3t  . . . tN   ti  
 . . . . . . . . . . . . . . . . . . . . . . . .  ... 
 
sa  1s  2s  . . . st  . . . _  sN   si  
 . . . . . . . . . . . . . . . . . . . . . . . .  ... 
Na  1N  2N  . . . Nt  . . . Ns  . . . _  Ni  
 Ses1 Ses2  . . . tSes  . . . sSes  . . . NSes  
N
i
N
K iK

 
 
aRniSnul matricaSi striqonebisa da svetebis gadakveTaze, 
romlebic Seesabamebian informaciis gamgzavnebsa da mimRebebs, 
daismeba Setyobinebebis an paketebis nakadis intensioba, gagzavnili 
_dan _ken, an uku mimarTulebiT. intensiobebis jami TiTeul 
striqonSi Seesabameba nakadis jamur intensiobas, romelic 
gagzavnilia  
ta sa
ta )N,1t(   wyarodan. intensiobebis jami ki svetSi 
axasiaTebs jamur nakads, romelic modis  sa )N,1S(   mimRebze. 
matricis intensiobebi qmnian araerTgvarovani nakadebis Sesa-
bamis intensiobebs, romlebsac agzavnis informaciis wyaro. es ki 
mxedvelobaSi unda iqnes miRebuli araerTgvarovani nakadebis mqone 
struqturis gaTvlis dros. amitom msgavsi matrica SeiZleba 
miRebuli iqnes gadasacemi nakadebis analizis dros. maSin matri-
cis TiTeuli ujredi SeiZleba Seicavdes sxvadsxva sigrZis Setyo-
binebebis nakadebis ramodenime intensiobebs. aRniSnul matricaSi 
wyaroebs da mimRebebs SeiZleba warmoadgendnen saabonento 
punqtebi, sadgurebi da sxva komponentebi. 
araerTgvarovani nakadebis raodenobis gansazRvra swarmoebs 
gadacemuli Setyobinebebis monacemebis analizis safuZvelze 
(bitebSi). Setyobineba ekuTvnis erT nakads, Tu maTi saSualo 
sigrZeebi gansxvavdebian erTmaneTisagan ara umetes 30%_iT. praq-
tikuli gaTvlebisaTvis Setyobinebebis araerTgvarovani nakadebis 
raodenoba SeiZleba miviRoT 2_is tolad (sainformacio Setyo-
binebebis nakadi da samosamsaxureo Setyobinebebis nakadi: ganac-
 
xadebi, gadacemis dawyebis nebarTvebi da a. S.). araerTgvarovani 
nakadebis mesame saxes warmoadgens qselis mtyunebaTa nakadebi. 
TiTeuli araerTgvarovani nakadis intensiobebis gansazRvra 
TiTeuli _uri saabonento punqtisaTvis t )N,1t(   swarmoebs 
Semdegi formuliT: 
N1,      st,        s,
3600
Ktsl
tsl          (3.1) 
sadac  _ -uri nakadis Setyobinebebis saSualo raode-
nobaa, romlebic igzavneba  gamgzavnidan  mimRebisaken -uri 
arxebiT wlis yvelaze datvirTuli Tvis yvelaze ufro maRali 
datvirTvis dRe-Ramis xangrZlivobis saaTSi.  
tslK l
ta sa i
Secdomebis albaTobis gansazRvra gadasacem SetyobinebaSi, 
romelic axasiaTebs i –uri nakadis Setyobinebebis intensivobas da 
romelic damokidebulia informaciis gadacemis siCqareze, 
swarmoebs Semdegi formuliT: 
jn
cj )P1(1P        (3.2) 
sadac –bitebis ricxvia jn j –uri nakadis SetyobinebaSi; -
erTi bitis damaxinjebis albaTobaa, romelic ganisazRvreba 
arendiT aRebuli kavSiris arxis teqnikuri monacemebidan. 
P
ganmeorebiTi Setyobinebebis intensiurobis gansazRvra  
momxmareblidan –ken swarmoebs formuliT: 
ta
sa
     1
3600
Ktsl
l
n
ts 


 





    (3.3) 
sadac,  )P1( cjj  . 
(3.3) formulis mixedviT angariSi swarmoebs qselis struq-
turis analizis mizniT muSaobis deitagramuli reJimisa da 
Setyobinebebis komutaciisaTvis. 
 
qselis jamuri nakadis, romelic mimarTulia monacemTa 
damuSavebis centrisaken, anda sxva saabonento sadgurisaken i –uri 
arxiT, intensiobis gansazRvra swarmoebs Semdegi formuliT: 



N
1t
ti ,N,ts    ,ts     ,     (3.4) 
sadac  _ saabonento sadgurebis, punqtebis saerTo raode-
nobaa, romlebic ugzavnian informacias monacemTa damuSavebis 
centrs, an Sesabamis saabonento sadgurs –uri arxiT. 
N 
i
monacemTa gadasacemi qselisa da misi komponentebis 
datvirTvis angariSi swarmoebs Semdegi TanmimdevrobiT: 
1) qselis arxebis datvirTvis gansazRvra –sa da –s Soris 
TiToeuli araerTgvarovani nakadis mixedviT deitagramuli reJimis 
an Setyobinebebis komutaciisaTvis swarmoebs formuliT: 
ta sa
c
tsltl         (3.5) 
sadac 
c
tl  _ -ur arxSi l –uri nakadis Setyobinebebis momsa-
xureobis saSualo droa (wm-Si); 
i
tsl  _ Setyobinebebis momsaxu-
reobis intensiuroba (1/wm - Si). 
2) momsaxureobis drois kavSiri Setyobinebebis sigrZesTan, 
romelic izomeba bitebSi, ganisazRvreba gamosaxulebiT: 
tl
i
tlc
tl tC
  
          (3.6) 
sadac  tl  _ j -uri nakadis Setyobinebebis saSualo sigrZea 
bitebSi samisamarTo (samomsaxureo) nawilis gaTvaliswinebiT;  _ 
-uri arxis gamtarunarianoba biti/wm-Si. 
iC
i
3) kavSiris i _uri arxis jamuri datvirTvis gansazRvra 
swaroebs formuliT: 
 
 
 

N
1t
K
1l
tsltsli  
           (3.7) 
qselis aparaturis mtyunebaTa nakadebis intensiobisa da maTi 
daZvelebis gansazRvra swarmoebs sayovelTaod miRebuli standarte-
bis mixedviT. amasTan kavSiris arxebSi mtyunebaTa intensioba, anda 
maTi daZvelebis xangrZlioba dgindeba kavSirgabmulobis saarendo 
xazebis teqnikuri maxasiaTeblebis mixedviT maTi gaWimulobis 
(geografiuli gadafarvis sigrZeebis) mxedvelobaSi miRebiT. 
sawyisi monacemebis gaTvla virtualuri SeerTebebis reJi-
misaTvis Seicavs Semdeg operaciebs: 
1) samomsaxureo Setyobinebebis ricxvis gansazRvra, romelic 
uzrunvelyofs sainformacio Setyobinebis an paketis uSecdomo 
Cabarebas miRebuli protokolis safuZvelze; 
2) gadasacemi samomsaxureo an Setyobinebebis sigrZeebis 
gansazRvra, romlebsac adgens protokoli (bitebSi); 
3) TiTeuli  momxmareblidan  mimRebisaken gadasacemi 
Setyobinebebis nakadis intensiobis gansazRvra (3.1) formuliT; 
ta sa
4) Setyobinebis momsaxureobis saSualo drois gansazRvra 
kavSiris i _ur arxSi; 
5) kavSiris i _uri arxis datvirTvis gansazRvra sainformacio 
l _uri nakadiT, mimarTuli erTpaketiani SetyobinebebiT, ganisaz-
Rvreba formuliT: 
1tsi1il          (3.8) 
6) sainformacio Setyobinebebis momsaxureobis saSulo drois 
gansazRvra kavSiris i _ur arxSi swarmoebs formuliT: 
1n       (3.9) 
sadac  _ paketebis raodenobaa SetyobinebaSi; n
7) kavSiris _uri arxis datvirTvis gansazRvra mraval-
paketiani SetyobinebiT swarmoebs formuliT: 
i
 
 tsiilr           (3.10) 
8) kavSiris _uri arxis jamuri datvirTvis gansazRvra virtu-
aluri SeerTebebis nakadiT ganisazRvreba, rogorc: 
i
 



 1 l
N
1t
K
1l
tsii  
           (3.11) 
sadac  _ wyaroebis raodenobaa, romlebic iyeneben i _ur 
arxs virtualuri SeerTebebisaTvis; 
1N 
K   _ sxvadasxva sigrZeebis 
mixedviT erTi an mravalpaketiani Setyobinebebis saerTo rao-
denobaa. 
 
3.3. ინფო-კომუნიკაციური ქსელური სტრუქტურების საბაზო 
ვარიანტის გათვლა 
 
qselis sabazo struqturis gaTvla swarmoebs kavSiris arxebis 
minimaluri gaWimulobiT struqturis sabazo variantis SerCevis, 
amasTan arxebis raodenobisa da gamtarunarianobis, qselis 
ZiriTadi komponentebis Semadgenlobis gansazRvris mizniT, rac 
Seamcirebs gamoTvlebis raodenobas qselis efeqturi struqturis 
saboloo gansazRvrisaTvis. sabazo variantis gaTvlis dros 
mxedvelobaSi miiReba qselis topologiisa da misi komponentebis 
raodenobis damokidebuleba saabonento punqtebis raodenobaze, 
sainformacio parametrebis mniSvnelobebze, arendirebuli 
kavSirgabmulobis xazebis teqnikuri maxasiaTeblebze da im 
moTxovnebze, romlebsac uyenebs SemkveTi momxmarebelTa mxridan 
informaciis droul Cabarebaze (wyarodan mimRebamde). 
vinaidan aRniSnuli sadisertacio naSromis wina TavebSi Cata-
rebuli gamokvlevebis ZiriTad mizanSi ar xdeboda qselis sabazo 
struqturis SerCevis amocanis gadawyvetis gaTvaliswineba, iTvle-
 
boda ra, rom aseTi struqtura ukve arsebobs, amitom amjerad 
sabazo struqturis agebis meTodikis gadmocemis dros moyvanili 
iqneba proeqtirebis ZiriTadi etapebis mxolod Sinaarsi da maTi 
Tanmimdevroba, saidanac Cans wina TavSi miRebuli kvlevis 
Sedegebis mniSvneloba. 
sabazo struqturebis gasaTvlel ZiriTad sawyis monacemebs 
warmoadgens SemkveTis mier mocemuli Setyobinebebis Cabarebis dro 
 an monacemTa gadamcemi qselis reaqciis dro, xolo auci-
leblobis  SemTxvevaSi ki maTi dasaSvebi gadaxra (dispersia) . 
CabT
2
Cab

qselis gamtarunarianoba SeirCeva ise, rom SetyobinebaTa 
prioritetuli nakadebis gaTvaliswinebiT daculi iyos piroba: 
ii TT CabCab      (3.12)     an     CabCab TT   (3.13) 
sadac,   


r
0i
ii twT moms.Cab   (3.14) 
CabT   _ Setyobinebebis Cabarebis saSualo droa; iw  _ Setyo-
binebebis Seyovnebis saSualo droa –uri (i r,1i  ) arxis rigSi (wm); 
r  _ arxebis raodenoba, romlebsac gaivlian Setyobinebebi wya-
rodan mimRebamde; i.t moms

 _ Setyobinebebis momsaxureobis saSualo 
dro kavSiris i –ur arxSi, romelic gansazRvrulia (3.6) formuliT 
(wm). qselis reaqciis dro ganisazRvreba rogorc sxvaoba: 
spCabr wTT       (3.15) 
sadac spw  _ saabonento punqtze gadacemis dawyebis lodinis 
droa. 
 
 
3.3.1. ქსელის ხისმაგვარი სტრუქტურის გათვლა 
 
rogorc viciT kavSiris xazebis minimaluri gaWimulobis mqone 
qsels gaaCnia “xis” topologia. moyvanili masala saSualebas 
iZleva aigos aseTi topologia. amitom aq ganxiluli iqneba 
mxolod ZiriTadi meToduri midgomebi “xis” struqturis ZiriTadi 
maxasiaTeblebis gasaTvlelad, romelic saWiroa qselis ufro 
rTuli sabazo struqturis asagebad. 
qselis gaWimulobis minimizacia dakavSirebulia koncentrato-
rebisa da komutatorebis saWiro raodenobis gansazRvrasTan da 
maT geografiul ganlagebasTan. am amocanis gadawyveta saSualebas 
mogvcems Semcirdes kavSiris xazebis danaxarjebi maT arendaze. 
Tavis mxriv, saabonento sadgurebis raodenoba damokidebulia maT 
teqnikur maxasiaTeblebze (informaciis gadacemis siCqareze, 
saabonento sadgurebTan mierTebuli saabonento punqtebis raode-
nobaze da sxva), romlebic gansazRvraven koncentratoris Rirebu-
lebas. cxadia, saabonento sadgurebs Soris rac ufro meti 
raodenobaa gamoyenebuli qselSi, miT ufro naklebia saabonento 
punqtebisa da saabonento sadgurebis kavSiris xazebis sigrZe. Tum-
ca am dros izrdeba danaxarjebi iseT komponentebze, rogoricaa 
komutatorebi an koncentratorebi, romelTa Rirebuleba damo-
kidebulia maTze mierTebuli saabonento punqtebis raodenobaze, 
xolo saabonento sadgurebs Soris saWiroa gamoyenebuli iqnes 
kavSiris ufro maRalsiCqariani arxebi. yovelive es metyvelebs 
imaze, rom zogad SemTxvevaSi saabonento sadgurebis racionaluri 
raodenobis gansazRvrisaTvis saWiroa gamoyenebuli iqnes 
maTematikuri modelirebis meTodebi. Tumca aqve SevniSnoT, rom 
qselis Rirebuleba arc Tu ise mgrZnobiarea koncentratorebis an 
komutatorebis zusti ganlagebebis mimarT. saabonento sadgurebis 
gadaadgileba raime ares SigniT ramodenime kilometrebiTac ki ar 
iwvevs mainc da mainc did sxvaobas qselis RirebulebaSi. koleq-
 
tiuri momsaxureobis (“magistralis” an “maryuJis”) arxebze mimagre-
buli saabonento punqtebis mcire ricxvis dros saabonento 
sadgurebis, maTi geografiuli ganlageba SeiZleba vawarmooT 
xeliT _ ruqebis daxmarebiT, romelTa mixedviTac vsazRvravT Sesa-
bamis manZilebs. martiv SemTxvevaSi erTnairi saabonento sadgu-
rebis optimaluri raodenoba, romlebzedac saabonento punqtebi 
miuerTdeba radialurad, ganisazRvreba saabonento sadgurebis 
raodenobis mimdevrobiTi gazrdis gziT manamde, sanam ar 
Sesruldeba piroba:  
  f
i
min)l(ЦЦKE
ii n.Ra.Rssssn
       (3.16) 
sadac,  _ saabonento sadgurebis raodenobaa “magistral-
Si” (“maryuJSi”); _ erTi saabonento sadguris Rirebulebaa; 
_ _ gaWimulobis mqone kavSiris arxis arendis 
Rirebulebaa qselis erTi wliT eqspluataciis dros; _ 
normatiuli koeficienti. 
ssK
i
ln.R
ssЦ
)l(Ц
ii n.Ra.R
nE
 
 
 
 
 
 
 
 
28l12  , 15l17  , 34l16  , 29l13  , 45l14  , 
43l27  , 34l25  , 51l26  , 17l23  , 16l43  , 
a2 
a1 
a4 
a6 
a7 
a5 
a3 l12 
l16 
l24 
l46 l15 l26 
l27 
a2 
a4 l23 l37 a3 (3) (2) 
(6) l35 
a1 
l17 l57 a5 l56 (1) a7 (5) (4) a6 
a) b) 
 
41l46  , 34l45  , 58l47  , 35l67  , 18l65  , 
39l73  , 53l74  , 17l75  , 20l35  , 19l15  . 
     
 
nax. 3.1  a) aramimarTulebiani qseli wiboebis mocemuli 
manZilebiT: b) umoklesi xis agebis Tanmimdevroba, sadac 
frCxilebSi naCvenebia wiboebis Seyvanis rigi. 
 
saabonento punqtebisaTvis , , ..., , romlebic naCvenebia 
nax. 3.1 a)_ze, miRebulia qseli “xis” topologiiT, romelic 
xasiaTdeba arxebis minimaluri gaWimulobiT (nax 3.1 b). aseTi qse-
lisaTvis cxadia, rom mizanSewonilia saabonento sadgurebi gan-
lagdes , , da  punqtebSi. Tumca aseTi ganlageba damatebiT 
dazustebuli unda iqnes (3.16) formulis gaTvlebis Semdeg, 
gamoiyeneba ra am dros danaxarjebis konkretuli mniSvnelobebi 
saabonento sadgurebze da kavSiris xazebze. 
1a 2a 7a
3a 5a 7a
piroba (3.16), rogorc aRniSnuli iyo, samarTliania TavianTi 
teqnikuri maxasiaTeblebiT erTnairi saabonento sadgurebisaTvis. 
gansxvavebuli saabonento sadgurebisaTvis (3.16)_is pirveli wevri 
unda Seicavdes danaxarjebis jams dayenebaze. amas garda (3.16) 
gamosaxuleba iTvaliswinebs danaxarjebs kavSiris arxebze maTi 
gaWimulobis mixedviT, rac ar warmoadgens yovelTvis arxis aren-
dis Rirebulebis ganmsazRvrels. did gavlenas arxebis Rirebule-
baze axdens maTi gamtarunarianobis sidide. amitom miviRebT ra xis 
msgavs topologias, saWiroa Sefasdes misi kavSiris arxebis saWiro 
gamtarunarianoba. 
kavSiris arxebis saWiro gamtarunarianoba swarmoebs me_2 
TavSi naCvenebi (2.33) formuliT.  
daskvniTi etapi xis magvari struqturis gaTvlis dros mdgo-
mareobs kavSiris arxebis mzadyofnis saWiro koeficientebis gansa-
zRvraSi (2.27) formulis mixedviT da “xis” struturaze danaxarje-
 
bis gaTvlaSi sarezervo arxebisa da maTi saWiro gamtarunariano-
bis gaTvaliswinebiT. 
qselis xis msgavsi Rirebulebis saerTo Sefaseba normatiuli 
koeficientis gamoTvlebis gareSe swarmoebs formuliT: 
)Cl(ЦmЦQ i,
f
1i
'
i
f
1i
gc iii n.Ra.Ra.R         (3.17) 
sadac _ kavSiris sarezervo _uri arxebis ricxvia. danar-
Ceni aRniSvnebi Seesabameba (3.16) formulaSi miRebul aRniSvnebs. 
'
im i
xis msagavs struqturaze danaxarjebis angariSis warmoeba sa-
Wiroa qselis sabazo struqturaze danaxarjebTan Sesadareblad.  
 
3.3.2. ქსელის საბაზო სტრუქტურის გათვლა 
 
qselis sabazo struqturis SerCeva swarmoebs iseTi struqtu-
ris miRebis mizniT, romlis ekonomikuri da teqnikuri maxasiaTeb-
lebi arsebiTad ukeTesia vidre informaciis gadacemis xismagvari 
reJimisaTvis discipliniT “pirveli movida – pirveli momsaxurda”. 
sabazo struqtura saSualebas iZleva Semcirdes gamoTvlebis 
moculoba nulidan dawyebuli Sesaqmneli qselis optimizaciis 
dros, roca qselma unda imuSaos arsebuli protokolebis mi-
xedviT. safuZvels sabazo struqturis misaRebad warmodgens wina 
paragrafSi miRebuli qseli xismagvari topologiiT, romelic gana-
pira punqtebis mimdevrobiT SeerTebis gziT gardaiqmneba maryuJis 
struqturaSi, xolo Semdeg ujredovanSi kavSiris yvela arxebis 
minimaluri SesaZlo gaWimulobiT. 
qselis sabazo struqturis SerCevisa da gaTvlis Tanmim-
devroba daiyvaneba Semdegze: 
 
1) xismagvari struqturidan punqtebis SeerTebis gziT warmo-
iqmneba minimaluri SesaZlo raodenobis “maryuJis” erToblioba, 
romelic uzrunvelyofs struqturis warmoqmnaze danaxarjebis 
minimums. am mizniT swarmoebs erTmaneTs Soris araCaketili 
punqtebis SesaZlo SeerTebebis gadarCevis operaciebi, romlis 
drosac miiRweva qselis saerTo gaWimulobis (sigrZis) minimumi. ase 
magaliTad, nax. 3.2-Tvis romelic imeorebs nax. 3.1 b-s (im gansxva-
vebiT, rom  punqtebi warmoadgenen saabonento sadgurebs), 
aseTi SeerTebebi SeiZleba iyos  da  ;  da ;  da 
, romlebic warmoqmnian maryuJis or an met ricxvs. pirvel 
etapze SeerTebebs  da  eZleva upiratesoba, Tu ki daculia 
utoloba: 
721 a,...,a,a

12 46 13 25 45
36
12 46
12 > +    da  < +     (3.18) 13 25 46 45 36
struqturebis es miRebuli variantebi Seudardeba erTmaneTs 
im sarezervo arxebis saerTo raodenobis mixedviT, romlebic 
aucilebelia qselSi informaciis drouli Cabarebis uzrunvelsa-
yofad. sabazos saxiT SeirCeva struqturis is varianti, romelic 
flobs sarezervo arxebis nakleb raodenobas da maT nakleb Rire-
bulebas. qselis gamtarunarianobebi dasawyisSi SeirCeva erTnairi 
gamtarunarianobebis didi mniSvnelobiT maTTan Semxebi kavSiris 
arxebiT. 
ase magaliTad,  arxisaTvis gamtarunarianoba SeirCeva  
an  arxis gamtarunarianobis toli, magram upiratesoba eZleva 
sidides im arxisaTvis, romelsac aqvs ufro didi gamtaruna-
rianoba. analogiurad  arxisaTvis gamtarunarianoba SeirCeva 
 an -is toli. Tumca , ,  da   arxebisaTvis 
gamtarunarianoba SeirCeva  arxis gamtarunarianobis toli, 
romelic gaTvlilia “xis” struqturisaTvis. 
12 23
17
46
34 56 13
35
25 36 45
 
2) struqturebis miRebuli TiToeuli variantisaTvis aigeba 
struqturuli matrica, romelic nax. 3.2-ze warmodgenili sabazo 
struqturis pirveli variantisaTvis warmodgenilia cxrili 3.2-iT. 
aviyvanT ra mimdevrobiT struqturul matricebs meore, mesame, 
meoTxe da a.S. xarisxSi, viRebT yvela SesaZlo gzebs saabonento 
sadgurebis nebismier wyvils Soris im rangs, romelic tolia 
matricis ayvanili xarisxis. 
 
4
nb  
ab 
l 34 a
l 23  
a
 l 45 
l 25 
 
l46 
l 12 l 35  
l36 
 l 13 
 a
l56 l 57 a l 17 a a
2
1b  
6
nb  
6
1b  7
nb  71b  
1
nb  
1
1b  
7
ib   
 
 
 
 
 
 
nax. 3.2. qselis sabazo struqturis warmoqmnis magaliTi. 
 
721 a,...,a,a  _ saabonento sadgurebis ganlagebis adgilebi, 
,...b,b j2
j
1  _ saabonento sadgurebTan mierTebuli punqtebi. 
 
 
 
cxrili 3.2 
 1 2 3 4 5 6 7 
1 1 12  0 0 0 0 17  
2 12  1 23  0 0 0 0 
3 0 23  1 34  35  0 0 
4 0 0 34  1 0 46  0 
5 0 0 35  0 1 56  57  
6 0 0 0 56  46  1 0 
7 17  0 0 0 57  0 1 
   
3) gamoiTvleba im nakadis maqsimalurad dasaSvebi intensioba, 
romelic SeiZleba mimarTuli iqnes qselis struqturis war-
momqmneli variantebis TiToeul –ur arxSi Semdegi formuliT: i
ii
i
maxi T
1
t
c
Cab
         (3.19) 
sadac, 


k
j
k
jj
it 
 

 _ Setyobinebis saSualo sigrZea qselSi, 
romelic ganisazRvreba gamosaxulebiT romelSic ajamva swarmoebs 
yvela araerTgvarovani nakadebiT, dadgenili saWiro monacemebis 
 
gamoTvlis dros;  _ -uri arxis gamtarunarianobaa;  _ Se-
tyobinebis dro, mocemuli –uri arxisaTvis, romelic ganisa-
zRvreba formuliT: 
ic i iTCab
i
,n     ,
n
T T
i 
Cab
Cab     (3.20) 
sadac  _ kavSiris yvela arxebSi nakadebis jamuri 
intensivoba; _ mocemuli dayovneba mTeli qselisaTvis;  _ 
qselSi arxebis ricxvi;  _ jamuri intensivoba yvela 
nakadebisa, romlebic miewodebian qselSi saabonento punqtebidan. 



N
1i

CabT
i
max
N



M
1j
N
k
jk
4) struqturis TiToeuli variantisaTvis yvela  wyarodan 
 mimRebisaken kavSiris arxebis mixedviT ganawildeba sainfor-
macio nakadebi 
ta
sa
i  (3.19) mniSvnelobis gaTvaliswinebiT. pirvel 
rigSi am mniSvnelobaSi Sevlen nakadebi im mezobeli saabonento 
sadgurebidan, romlebsac gaaCniaT kavSiris pirdapiri arxi, xolo 
Semdeg ki nakadebi SedarebiT yvelaze ufro axlos mdebare saabo-
nento sadgurebidan. sxva saabonento sadgurebidan nakadebi, romle-
bic aRematebian maxi  intensivobebis mniSvnelobas –dan –sken 
gaigzavnebian yvelaze umoklesi SemovliTi gziT.  
ta sa
5) gamoiTvleba qselis efeqturi gamtarunarianoba struqture-
bis miRebuli variantebisaTvis absoluturad saimedo arxebis 
dros da im arxebisaTvis, romlebsac gaaCniaT sakuTari mzadyofnis 
koeficienti .  
i
Km
absoluturad saimedo kavSiris arxis optimaluri gamtar-
unarianobis angariSi swarmoebs (2.32) formuliT, xolo arasaimedo 
arxebiT ki (2.38) formuliT. amasTan, sanam SevudgebodeT angariSs 
(2.38) formulis mixedviT, saWiroa Semowmdes Semdegi pirobebis 
 
dacva: i -uri arxis gamtarunarianobis koeficienti _  unda akma-
yofilebdes utolobas: 
i
Km
aRdgCab
m tT
tK
i
i         (3.21) 
sadac aRdgt _ kavSiris arxis aRdgenis saSualo droa misi 
mtyunebis Semdeg. 
kavSiris –uri arxis gamtarunarianobis sidide unda akmayofi-
lebdes utolobas: 
i
i
K
C oii
m
     (3.22) 
sadac oi  _ i -uri arxebis jamuri datvirTvaa sainformacio 
da samomsaxureo SetyobinebebiT (biti/wm-Si). 
(3.21) da (3.22) utolobebidan erT-erTis Seusruleblobac ki me-
tyvelebs imaze, rom qselSi kavSiris arxis gamoyeneba aseTi maxa-
siaTeblebiT ar SeiZleba. igi unda Seicvalos axliT anda 
warmoiqmnas arxi paralelurad momuSave ramodenime arxiT.  
6) gamoiTvleba sabazo struqturebis kavSiris yvela arxebis 
mzadyofnis koeficientis optimaluri mniSvneloba formuliT (2.50). 
aRniSnul formulaSi variaciis koeficientis mniSvneloba miiReba 
erTis toli, xolo arxebSi nakadebis intensiobebs ki aqvT mniSvne-
lobebi, romlebic dadgindeba aRniSnuli paragrafis me-4 punqtSi. 
7) ganisazRvreba sabazo struqturis TiToeuli variantis war-
moqmnili “maryuJis” mzadyofnis optimaluri mniSvneloba risTvisac: 
_ ganisazRvreba mzadyofnis koeficientis optimaluri mniS-
vneloba warmoqmnili garSemovliTi gzebisa _ , romlebic 
Sedgebian  arxebisagan: 
opt
m.SS
K
jr
 



j
S
r
1i
ji ,...2,1s     ,r,...,2,1i      ;KK
opt
m
opt
m.S
   (3.23) 
_ iZebneba mzadyofnis koeficientis optimaluri mniSvneloba 
–uri “maryuJisa”.  xismagvari struqturis ZiriTad 
“magistralTan” damokidebulebiT (nax. 3.2-saTvis ZiriTad “magis-
trals” warmoadgens ) Semdegi formuliT: 
s ,...)2,1s(   K ПS 
opt
m
35l
  ,...)2,1s(      ,K-1 K-1-1K ss  optmoptm.Soptm.mar. m.mag     (3.24) 
sadac,  _ xismagvari struqturis ZiriTadi magistralis 
mzadyofnis optimaluri koeficientia sabazo struqturaSi misi gar-
daqmnis Semdeg;  _ warmoqmnili “maryuJis” nomris indeqsi. 
 Kopt
m.mag.
s  ,...2,1
8) ganisazRvreba “maryuJis” mzadyofnis koeficienti, warmoq-
mnili arasaimedo arxebisagan: 
   m.mag.m.mar m.S K-1 K-1-1K SS     (3.25) 
sadac, , _ arxebisagan Semdgari –uri “maryu-
Jis” garSemovliTi gzis mzadyofnis koeficienti;  _ 
“magistralis” kavSiris arxis mzadyofnis koeficienti. 
 KK
j
s
r
0i
i

 m
m.S.
jr s
m.mag.
K
9) swarmoebs –uri “maryuJis” dublirebis aucileblobis 
Sefaseba Semdegi gamosaxulebis daxmarebiT: 
s
1
)K1lg(
)K1lg(
r
s
s
s 

m.mar.
opt
m.mar.        (3.26) 
sadac  _ “maryuJis” damatebiTi raodenobaa, romelic 
gaTvlebis Semdeg wiladi mniSvnelobis dros mrgvaldeba uaxloes 
mTel ricxvamde. 
sr
 
10) ganisazRvreba gzebis (kavSirianobis) saWiro ricxvi kvanZe-
bis (saabonento sadgurebis) TiToeuli  da  wyvilisaTvis Sem-
degi formliT 
ta sa
)K1lg(
)K1lg(
m
i
r
1l
s
r
cc
m
opt
m.mar.



  ,  ,...2,1rc     (3.27) 
sadac  _ arxebis ricxvia, romlebic qmnian gzas -dan -
mde.  wiladi mniSvnelobis dros swarmoebs damrgvaleba uax-
loes mTel ricxvamde. 
cr ta sa
crm
11) swarmoebs me-10 punqtSi gaTvlili kavSirianobis mniSvne-
lobis uzrunvelyofis Semowmeba struqturisaTvis, romelic 
warmoqmnilia aRniSnuli paragrafis 1-li punqtis operaciis gziT 
me-2 punqtSi miRebuli gaTvlis monacemebis daxmarebiT. 
Tu  mniSvneloba  da  kvanZebis raime wyvilisaTvis me-
tia SemovliTi gzebis ricxvze, maSin kvanZebis es wyvili SeuerTde-
ba erTmaneTs damatebiTi gzebis Sesabamisi raodenobiT, e.i. icvleba 
qselis sabazo struqturis Tavdapirveli varianti. axali damatebi-
Ti gzebis warmoqmnis dros saWiroa miRweuli iqnes maTi minimaluri 
gaWimuloba, gamoviyenebT ra $3.3.1-is rekomendaciebs. amas garda 
saWiroa miviswrafodeT imisaken, rom warmoqmnil gzaSi iyos 
Sualeduri kvanZebis (saabonento sadgurebis) minimaluri ricxvi. 
crm ta sa
12) ganisazRvreba danaxarjebi gansaxilveli sabazo struqtu-
ris TiToeul variantze “maryuJis” dublirebis SemTxvevisaTvis 
(punqti 9) da SemTxvevisaTvis, rodesac kvanZebis TiToeul  da  
wyvils miuerTdeba SemovliTi gzebi (3.17) formulis mixedviT. 
ta sa
13) sabazo struqturis SesaZlo variantebidan amoirCeva is, 
romelic xasiaTdeba naklebi danaxarjebiT kavSiris arxebis 
saerTo gaWimulobaze, romelsac gaaCnia arxis gamtarunarianobis 
saWiro mniSvneloba. amasTan igulisxmeba arxis Rirebulebis 
wrfivi damokidebuleba mis gamtarunarianobaze. 
 
14) swarmoebs qselSi Setyobinebebis drouli Cabarebis piroba 
formuliT: 



M
1i
ii TT 

Cab     (3.28) 
sadac, M  _ arxebis ricxvia rezervirebisa da dublirebis ga-
Tvaliswinebis gareSe; i  _ i -ur arxSi nakadebis jamuri intensi-
vobaa, romelic ganisazRvreba formuliT (3.4);  _ qselSi 
Semavali (miwodebuli) nakadebis jamuri intensivobaa. 
 N
i
N
k
ik
iT -s mniSvne-
loba moiZebneba (2.5) formulis daxmarebiT. 
sabazo qselSi informaciis drouli Cabareba fasdeba Sem-
degi damokidebulebiT CabCab TT   sadac, CabT  _ informaciis Cabare-
bis saSualo droa, xolo  _ informaciis Cabarebis dro, 
romelic moicema SemkveTis mier. 
CabT
sabazo variantis SerCevis Semdeg, romelic flobs kavSiris 
Warb arxebs, swarmoebs qselis optimaluri struqturis gaTvla. 
 
3.4. ქსელის საბაზო სტრუქტურის ოპტიმიზაციის მეთოდიკა 
 
qselis sabazo struqturis optimizaciis ZiriTadi mizani 
mdgomareobs danaxarjebis SemcirebaSi kavSiris arxebze da qselis 
gamocdaze informaciis drouli Cabarebis mizniT. amitom 
safuZvels optimizaciisaTvis warmoadgens rezultatebi, romlebic 
miRebulia me-2 TavSi.  
qselis struqturis optimizaciis meTodika Seicavs etapebis 
Semdeg Tanmimdevrobas paketebisa da Setyobinebebis komutaciis 
reJimSi qselis muSaobisaTvis: 
1. arxebSi informaciis Cabarebis mocemuli  drois mcire 
mniSvnelobebisa da datvirTvis didi mniSvnelobis dros zustdeba 
iTCab
 
optimaluri  gamtarunarianobebis sidideebi, romlebic gansa-
zRvruli arian $3.3.2_is me_5 punqtSi erTisagan gansxvavebuli 
SetyobinebaTa sigrZeebis variaciis koeficientebisaTvis. aseTi da-
zusteba gamoiyeneba kavSiris arxebis gamtarunarianobebis Sesar-
Cevad maTi realuri mniSvnelobebis diskretuli diapazonidan. 
amasTan gamtarunarianobis SerCeuli diskretuli mniSvneloba to-
li an meti unda iyos gaTvlili  mniSvnelobaze.  
opt
iC
opt
iC
sa
2. vinaidan arxebis mzadyofnis koeficientis optimaluri mniS-
vneloba praqtikulad araa damokidebuli Setyobinebebis sigrZeebis 
variaciis koeficientze, amitom optimizaciisaTvis gamoiyeneba 
mniSvnelobebi, romlebic miRebulia $3.3.2_is me_6 punqtSi. 
3. kvanZebis TiTeuli  da  wyvilisaTvis ganisazRvreba 
mwyobridan erTdrouli gamosvlis sixSire  gzebisa, romlebic 
aerTeben am kvanZebs da gansxvavdebian Tavisi saimedoobiT, Semdegi 
formuliT: 
ta
sM
 
 
 s
M
1s
Ms
1ibs
Ms 1(t
1Zm.g. si )Km   )M,...,2,1S( s   (3.29) 
sadac _  da kvanZebs Soris gzebis ricxvia; s ta
jsKm
sa
M sa


 s
r
1i
siKm
ta
_ mzadyofnis koeficientia _uri gzisa, romelic 
aerTebs  da  da Sedgeba  
S
js j(Km )sr,...,2,1  mzadyofnis koefici-
entebis mqone mimdevrobiT SeerTebuli  arxebisagan; sr bct  _  da 
 SemaerTebeli mwyobridan gamosuli (mtyunebiani) _uri gzis 
aRdgenis saSualo droa. 
ta
sa S
bct -is ganzomilebaa wami. 
MsZm.g.
M
 sixSiris mniSvneloba ganisazRvreba 2,3,...,  
SemovliTi gzebisaTvis, romlebic aerTeben Sesabamis  da  
kvanZebs.  gaTvlili iyo wina paragrafis me_10 punqtSi. 
crM
sata
cr
 
4. ganisazRvreba  da  kvanZebis TiTeuli wyvilisaTvis 
mwyobridan gamosuli gzis mtyunebis aRmofxvris saSualo dro 
formuliT: 
ta sa
.
t
1
1
M
bc
sM




 m.g.     (3.30) 
mniSvneloba 
SMm.g.
  ganisazRvreba mimdevrobiT 2,3,...,  
 SemovliTi gzebisaTvis, romlebic aerTeben  da  
kvanZebis yvela SesaZlo wyvilebs. 
crM
sa( )MM crs  ta
5. ganisazRvreba dayovnebis saSualo dro ZiriTadi gzis 
TiTeul, absoluturad saimedo _ur arxSi  da  kvanZebis 
TiTeuli wyvilisaTvis Semdegi formuliT: 
i ta sa
i
iis iswT 
    (3.31) 
sadac isw _ _uri arxiT Setyobinebebis uprioriteto gada-
cemaze rigSi lodinis saSualo droa, romelic ganisazRvreba –
uri gzisaTvis Semdegi gamosaxulebiT: 
i
s



 


 








K
1l
l
K
l
l
K
1l
2
l
c
ll
ii
iii
is
112
)K1(
w


p
p
p
      (3.32) 
sadac K  _ prioritetuli da araprioritetuli araerTgva-
rovani nakadebis saerTo raodenobaa, romlebic miewodeba s –uri 
gzis –ur arxs;  _ arxis datvirTva i lis l –uri araerTgvarovani na-
kadiT; 
c
li  _ l -uri nakadis Setyobinebebis sigrZe wamebSi;  _ 
Setyobinebebis variaciis koeficienti;  _ prioritetis niSani –
il
l
K
pl p
 
uri nakadis Setyobinebebis momsaxureobaSi;  _ i -ur arxSi miwo-
debuli prioritetuli nakadebis raodenobaa: 
pK
opt
i
lc
li c ,i     l
K
1i
lll
K
1i
ili
C
,, i
iiii
   



      . 
c
li -is gansazRvris dros optimaluri gamtarunarianobis mni-
Svneloba  SerCeva misi diskretuli mniSvnelobis gaTvaliswi-
nebiT (aRniSnuli paragrafis punqti 1); ZiriTad gzad iTvleba gza, 
romlis mimarTac Catarda rezervireba.  
opt
iC
6. ganisazRvreba qselSi Setyobinebebis Cabarebis drois 
saSualo mniSvneloba  formuliT (3.28), romlis mniSvneloba 
naklebi unda iyos SemkveTis mier mocemul  droze. toloba an 
utoloba  metyvelebs imaze, rom saWiroa gaizardos 
qselis SedarebiT ufro datvirTuli arxebis  mniSvnelobebi 
gamtarunarianobebis mniSvnelobaTa diskretuli simravlis 
uaxloes did mniSvnelobamde. 
CabT
Cab.ST
Cab.SCab TT 
opt
iC
7. ganisazRvreba –uri gzis TiToeul arxSi dayovnebis 
saSualo dro kavSiris arxebis SesaZlo mtyunebaTa gaTvalis-
winebiT formuliT 
S
iis TT Cab. . dayovnebis es droiTi sidide unda 
iyos naklebi an toli i –uri arxisaTvis SemkveTis mier mocemul 
iT Cab.  mniSvnelobaze. 
8. ganisazRvreba optimaluri kavSirianoba  (gzebis an 
arxebis optimaluri ricxvi) qselis yvela  da  wyvils Soris. 
amisaTvis me-3 da me-4 punqtebSi Catarebuli  da 
min
SM
M
sa
m.g.
ta
Z SMm.g.  
gaTvlebis safuZvelze SeirCeva maTi iseTi mniSvneloba, romelsac 
uzrunvelyofs toloba: 
iiis TTT Cab.S.Cab.         (3.33) 
mniSvneloba , romlis drosac miiRweva es toloba, 
axasiaTebs kavSirianobas . amasTan qselis kvanZis TiToeul 
sM
minM
 
wyvilSi sidide  SeiZleba gansxvavdebodes sxvadasxva gzebi-
saTvis. miRebuli  mniSvnelobebis safuZvelze swarmoebs 
cvlileba sabazo qselis struqturaSi. 
minM
M min
10.  mniSvnelobebisaTvis zustdeba arxebis mzadyofnis 
optimaluri  koeficientebis sidideebi (2.50) formulis daxma-
rebiT, romelSic 
minM
opt
m i
K
SMbt m.g.  ( minMM  ). mzadyofnis optimaluri 
koeficientis sidide toli unda iyos im mniSvnelobis, romelic 
ganisazRvrulia wina paragrafis me-6 punqtSi. 
11. ganisazRvreba danaxarjebi qselis Seqmnil struqturaze 
formuliT 
),c,l(Ц)c,l(ЦЦЦ kk
M
1k
ii
M
1i
M
1j
kij   
d ms.s.
k.ak.as.sRir    (3.34) 
sadac  _ komutaciis an koncentraciis (saabonento sadgu-
ris) 
j
Цs.s
j –uri kvanZebis Rirebuleba;  _ qselSi gamoyenebuli saa-
bonento sadgurebis raodenoba;  _ kavSiris maRalsiCqa-
riani arxebis Rirebuleba maT gaWimulobasa da gamtarunariano-
basTan damokidebulebiT;  _ qselSi maRalsiCqariani arxebis 
raodenoba, romlebic aerTeben erTmaneTTan saabonento sadgurebs; 
 _ kavSiris dabalsiCqariani arxebis Rirebuleba maT 
gaWimulobasa da gamtarunarianobasTan damokidebulebiT;  _ 
qselSi dabalsiCqariani arxebis raodenoba, romlebic gamoiyeneba 
saabonento punqtebis saabonento sadgurebTan da saabonento 
sadgurebis erTmaneTTan misaerTeblad. 
s.sM
l( iik.a )c,Ц i
mM
),c,Ц kkk.a l( k
dM
danaxarjebis miRebuli sidide Sedardeba xismagvar da sabazo 
struqturebze danaxarjebTan. am danaxarjebis sxvaoba axasiaTebs 
Seqmnili struqturis efeqturobas. 
yovelive am gansakuTrebulobebis gaTvaliswinebiT jer aigeba 
qselis xismagvari struqtura, Semdeg sabazo, xolo bolos ki es 
 
ukanaskneli optimizirdeba im TanmimdevrobiT, romelic ganxilu-
lia aRniSnul paragrafSi. 
 
მესამე თავის დასკვნა 
 
1. sainformacio qselis efeqturi struqturis proeqtirebis 
damuSavebuli meTodika ganazogadebs disertaciaSi Catarebuli 
kvlevis Sedegebs. igi SeiZleba safuZvlad daedos gamomTvleli 
qselebisa da sxvadasxva daniSnulebis monacemTa mimReb-gadamcemi 
qselebis proeqtirebis zogadi meTodikis damuSavebas. 
2. damuSavebuli meTodika bazirdeba kompleqsur midgomaze, romli-
Tac gaTvaliswinebulia efeqturobis erTiani kriteriumebis 
gamoyeneba _ danaxarjebi da qselSi informaciis Cabarebis dro 
– monacemTa mimReb-gadamcemi qselebis Seqmnis mravali proble-
mis gadasawyvetad. 
3. sainformacio qselebis efeqturi struqturebis proeqtirebis 
meTodika moicavs Semdeg etapebs: sawyisi monacemebis analizsa 
da gaTvlebs, qselis gansazRvras kavSiris arxebis minimaluri 
gaWimulobiT, qselis sabazo struqturis agebas, qselis 
struqturis optimizacias. aRniSnuli etapebis Sesrulebis 
Tanmimdevroba saSualebas iZleva Semcirdes droiTi danaxarjebi 
qselis struqturis proeqtirebaze minimalurad dasaSvebi 
kapitaluri danaxarjebiT. 
 
 
 
 
 
 
 
  
 
დ ა ს კ ვ ნ ა 
 
sadisertacio naSromSi miRebulia Semdegi mecnieruli da 
praqtikuli Sedegebi: 
1. damuSavebulia maTematikuri modelebi kavSiris arxebis gam-
tarunarianobebis gaTvlisaTvis, romlebic amJamad cnobili mode-
lebisagan gansxvavebiT iTvaliswineben gadasacemi Setyobinebebis 
sigrZeTa ganawilebis kanonebis gavlenas kavSiris arxebis 
gamtarunarianobebis mniSvnelobaze, rac aucilebelia qselis 
efeqturi struqturis SefasebisaTvis. maTematikuri modelebi 
dayvanilia gamosaTvlel damokidebulebebamde, romlebic 
mosaxerxebelia qselebis proeqtirebis praqtikaSi gamosayeneblad. 
2. damuSavebulia maTematikuri modelebi kavSiris arxebisa da 
qselis sxva komponentebis mzadyofnis koeficientebis efeqturi 
mniSvnelobebis Sesafaseblad, romlebic cnobili modelebisagan 
gansxvavebiT samarTliania qselSi gadasacemi Setyobinebebis 
sigrZeTa ganawilebis nebismieri kanonisaTvis. miRebuli 
maTematikuri modelebi aucilebelia qselis efeqturi struqturis 
gasaTvlelad gansakuTrebiT im nawilSi, sadac momxmareblebis 
TiToeuli sakorespondencio wyvilisaTvis unda ganisazRvros 
garSemovliTi marSrutebis saWiro raodenoba. miRebulia 
mzadyofnis koeficientebis, kavSiris arxebis zRvruli 
mniSvnelobebis  Sefaseba, romlis daxmarebiTac ganisazRvreba 
monacemTa mimReb-gadamcemi qselis muSaobaSi stacionalurobis 
reJimis darRvevis pirobebi. 
 
3. damuSavebulia maTematikuri modelebi qselSi paketis 
Cabarebis realuri drois SefasebisaTvis kavSiris arxebze warmo-
qmnili Secdomebis gavlenis dros.  
4. damuSavebulia nebismieri daniSnulebis efeqturi stru-
qturebis gaTvlis meTodika, romelic moicavs sam TanmimdevrobiT 
etaps: kavSiris arxebis minimaluri gaWimulobis mqone qselis 
xismagvari struqturis gaTvla, qselis sabazo struqturis gaTvla 
da monacemTa mimReb-gadamcemi qselis efeqturi struqturis 
gaTvla. struqturis optimaluroba ganisazRvreba axlad 
Sesaqmneli an modernizirebas daqvemdebarebuli qselis 
danaxarjebis minimumiT, romliTac swarmoebs momxmarebelTa 
Setyobinebebis Cabarebis saSualo drois uzrunvelyofa, ar ametebs 
ra igi mocemul mniSvnelobas. 
5. sadisertacio naSromis Sedegebi rekomendirebulia gamoye-
nebuli iqnes im samecniero-sakvlev, saproeqto organizaciebsa da 
sakonstruqtoro biuroebSi, romlebic dakavebulni arian 
gamomTvleli qselebis SeqmniTa da mati efeqturobis amaRlebis 
problemebis damuSavebiT. 
U                   
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